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INTRODUCTION 

Since  the  publication  of  the  first  edition  of  this  work,  in  the  autumn  of  1904,  con- 
siderable progress  has  been  made  in  the  study  and  employment  of  Reinforced 
Concrete,  rendering  necessary  a  careful  revision  and  considerable  enlargement. 

Joint  Committees  for  the  consideration  of  the  subject  are  now  pursuing  their 
investigations  in  America  and  this  country,  while  the  French  Government  have 
instituted  a  commission  of  inquiry,  and  will  shortly  pubUsh  its  report  and  probably 
establish  general  rules  for  the  calculation  and  use  of  Reinforced  Concrete.  The 
Prussian  Government  has  issued  very  complete  regulations,  and  the  Association 
of  German  Engineers  and  Architects  have  published  valuable  suggestions  for  the 
calculation  and  erection  of  reinforced  structures. 

Very  considerable  progress  has  been  made  in  the  experimental  study  of  the 
subject,  especially  in  America,  where  several  authorities  have  carried  out  extensive 
tests  on  columns  and  beams  of  practical  dimensions. 

M.  Considere  has  established  firms  in  this  and  other  countries,  who  are  work- 
ing his  patents  for  hooped  concrete,  and  several  important  structures  have  been 
erected  with  this  type  of  reinforcement.  He  has  recently  introduced  the  hooping 
of  the  concrete  on  the  compression  side  of  beams,  and  has  thereby  succeeded  in 
giving  the  requisite  resistance  without  the  necessity  of  deepening  the  beams  near 
the  supports.  The  bow-string  and  arched  bridges  which  have  been  designed  with 
hooped  compression  members  show  a  considerable  advancement  in  the  practical 
uses  of  reinforced  concrete,  since  they  afford  greatly  increased  scope  for  its 
employment. 

Many  Continental  and  American  firms  have  recently  introduced  their  sjmtems 
into  this  country,  giving  considerable  impetus  to  the  employment  of  this  method  of 
construction.  These,  and  the  earlier  established  firms,  have  carried  out  many 
important  works,  while  others  are  in  course  of  erection  at  the  present  time.  In 
spite,  however,  of  the  interest  recently  aroused  in  England,  there  still  remains  Con- 
siderable opposition  and  cautious  hesitation  in  some  minds  as  to  its  employment, 
yet  the  advancement  noticeable  in  the  last  few  years,  we  might  almost  say  months, 
encourages  us  to  hope  that  before  very  long  reinforced  concrete  will  have  become 
one  of  the  generally  recognized  materials  of  construction. 

In  order  to  bring  the  subject  matter  thoroughly  up  to  date  it  has  been 
necessary  to  make  considerable  alterations  and  enlargements  on  the  former 
editions,  and  no  pains  have  been  spared  to  accomplish  this  object.  Mr.  Dunn, 
who  gave  the  original  author  considerable  assistance  in  the  preparation  of  the 
first  edition,  and  has  again  aided  him  in  the  present  revision,  has  been  included  as 
joint  author.  It  was  unavoidable  that  most  of  the  work  of  revision  and  enlarge- 
ment should  fall  on  Mr.  Marsh,  but  it  is  hoped  that  the  work  has  been  consider- 
ably improved  by  the  valuable  suggestions  and  some  contributions  to  the  text 
in  the  form  of  letterpress  and  diagrams  which  have  been  made  by  Mr.  Dunn. 
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In  addition  to  the  general  revision,  the  portion  of  the  book  dealing  with 
calculations  has  been  completely  rewritten  and  simplified,  while  considerable  new 
matter  has  been  added,  including  methods  for  obtaining  the  loads  on  Bins  and 
Silos  and  the  resistance  of  circular  and  annular  sections  to  flexure.  The  method 
of  treatment  for  singly  reinforced  rectangular  and  T-beam  is  entirely  new,  and 
the  diagrams  for  these  pieces  reduce  the  work  necessary  for  the  calculation  of 
their  dimensions  to  a  minimum.  The  suggestions  of  these  methods  of  treatment 
are  mainly  due  to  Mr.  Dxmn,  who  also  computed  some  of  the  diagrams,  while  the 
original  author  is  responsible  for  the  mathematical  work.  The  portion  on  the 
graphical  treatment  of  spherical  and  conical  coverings  has  been  revised  by  Mr. 
Dunn.  The  sections  on  arches  and  the  calculation  of  pieces  under  direct  com- 
pression and  flexure  combined  have  been  completely  rewritten  by  the  original 
author,  and  practical  working  examples  have  been  given  for  finding  the  curve  of 
pressures  on  the  various  types  of  arches. 

Several  interesting  appendices  have  been  added,  including  some  tests,  made  by 
Mr.  Quinton,  of  the  American  Geological  Survey  Department,  on  the  resistance  of 
large  pipes  to  water  pressure  ;   and  the  Prussian  Government  Regulations. 

It  has  been  the  endeavour  of  the  authors  to  make  the  new  edition  a  thoroughly 
complete  treatment  of  the  subject  in  all  its  branches,  and  to  include  everything 
that  may  be  necessary  to  those  who  wish  to  obtain  a  thorough  knowledge  of  the 
subject  and  to  design  works  with  the  minimum  amount  of  labour  and  with  every 
confidence  of  their  safety  and  economy. 

CHARLES  .  F.  MARSH, 
WILLIAM  .  DUNN. 
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Part    I 

GENERAL  REVIEW  OF  THE  SUBJECT 

Definition 

Reinforced  concrete  properly  so  called  consists  of  concrete  having  iron  or 
steel  sections  introduced  in  its  substance  in  such  a  manner  and  in  such  positions 
as  to  take  up  those  stresses  which  cannot  be  resisted  by  the  concrete  unaided. 

A  joist  surrounded  by  concrete  is  not  reinforced  concrete,  but  rather  protected 
ironwork,  as  the  joist  bears  all  the  stresses. 

A  reinforcement  employed  in  an  unscientific  manner  greatly  reduces  the 
economy  of  this  form  of  construction,  as  in  such  a  case  there  will  always  be  a  waste 
of  material  and  also  no  increase  to  the  elasticity  of  the  concrete  in  tension,  a 
property  which  will  be  referred  to  later. 

Systems 

At  the  present  time  there  are  a  great  number  of  different  systems  of  reinforced 
concrete,  many  of  which  appear  to  have  been  adopted  to  avoid  the  infringement 
of  earlier  patents. 

Some  of  these  systems  employ  peculiar  sections  of  reinforcing  metal,  some 
use  ordinary  sections  in  peculiar  dispositions,  while  others  have  both  peculiar 
sections  and  methods  of  emplojdng  them. 

All,  however,  attempt  to  effect  the  same  object,  that  of  placing  the  metal 
so  as  to  counteract  those  stresses  which  the  concrete  is  leaat  able  to  resist. 

Short  History  of  ^  the  Development  of  Reinforced  Concrete 

The  first  employment  of  reinforced  concrete  has  been  attributed  to  a  French 
gardener,  M.  Joseph  Monier,  who  in  1867  or  thereabouts  made  big  pots  for  shrubs, 
etc.,  of  concrete,  with  a  metal  reinforcement,  with  the  idea  of  reducing  the  thick- 
ness. Reinforced  concrete  was  undoubtedly  known  before  that  date  ;  a  patent 
having  been  taken  out  in  England  for  a  suspension  reinforcement  in  1854,  an 
exhibit  of  this  material  being  shown  at  the  Paris  Exhibition  of  1855,  and  several 
methods  of  its  application  having  been  proposed  by  a  French  engineer,  M.  Francois 
Coignet,  as  early  as  1861. 

M.  Monier  was,  however,  certainly  the  first  to  employ  reinforced  concrete  in 
a  large  way,  and  having  satisfied  himself  as  to  its  usefulness,  he  patented  his 
system,  which  he  employed  for  tanks,  ponds,  floors,  etc.,  and  later  for  small 
bridges.  For  some  years  it  was  only  employed  in  Prance,  and  even  there,  as  the 
construction  was  only  based  on  experience  and  practical  rule  of  thumb,  it  was 
used  in  a  very  limited  manner.  In  1879  Monier  exhibited  his  system  at  the 
Antwerp  Exhibition,  where  it  was  noticed  by  Herr  G.  A.  Wayss,  who  bought  the 
German  patents  .and  formed  the  company  of  G.  A.  Wayss  &  Co.,  of  BerUn  and 
Frankfort,  to  work  the  system.     Experiments  were  made,  and  a  thorough  study 
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of  the  subject  was  undertaken,  which  proved  very  clearly  the  advantages  to  be 
gained  by  this  form  of  construction,  and  principles  were  arrived  at  on  which  its 
application  should  be  based.  This  naturally  opened  up  a  much  larger  field  of 
usefulness  to  the  invention,  and  it  became  more  and  more  employed,  branches 
for  the  construction  being  established  not  only  in  Germany,  but  also  in  other 
European  countries,  notably  in  Vienna,  in  which  town  Herr  G.  A.  Wayss  himself 
established  a  business.  The  system  was  now  used  not  only  for  small  arches, 
floors,  tanks,  etc.,  but  also  for  reservoirs,  pipes  and  similar  structures.  It  was 
not  until  much  later,  however,  that  reinforced  concrete  beams  and  bridges  of  large 
span  were  constructed ;  in  fact,  not  until  the  subject  had  received  much  more 
extended  study.  ♦ 

When  the  Monier  system  of  construction  became  generally  known  on  the 
Continent,  other  systems  of  reinforced  concrete  were  brought  out  differing  from 
the  Monier  and  from  one  another  in  the  methods  employed  and  the  form  of 
reinforcement.  During  this  period  the  Bansome  and  other  lesser  systems  were 
introduced  in  the  United  States,  and  the  Hyatt  system  in  England.  The  formulae 
employed  by  the  first  users  of  this  form  of  construction  were  all  purely  empirical, 
not  taking  mto  account  the  true  action  of  the  concrete  and  metal  in  the  resistance, 
and  up  to  the  present  day  these  or  similar  formulae  are  employed  for  many  of  the 
systems. 

M.  Fran9ois  Hennebique  and  M.  Paul  Cottan9in  were  the  first  to  use  beams 
or  ribs  of  reinforced  concrete,  and  to  initiate  the  principles  on  which  they  are 
designed. 

Now  that  reinforced  concrete  has  become  one  of  the  ordinary  forms  of 
construction  on  the  Continent,  and  in  America,  it  is  receiving  more  attention 
from  engineers  ;  many  experiments  have  been  and  are  being  made,  and  valuable 
information  obtained  on  the  behaviour  of  the  materials. 

The  Employment  of  Reinforced  Concrete  in  England 

It  is  unfortunate  that  engineers  and  architects  in  England  are  so  conservative, 
one  might  almost  say  prejudiced  in  their  ideas,  that  many  of  them  will  not  use 
this  form  of  construction,  even  though  their  continental  and  American  confreres 
have  proved  to  them  so  clearly  its  usefulness  and  economy,  and  above  all,  its 
safety  ;  having  shown  that  it  may  be  employed  with  perfect  confidence,  and  that 
by  its  use  cheaper,  hghter  and  more  durable  structures  may  be  erected  than  those 
built  employing  the  old  methods. 

Year  by  year  the  demand  for  cheap  construction  is  increasing,  and  if  we  can 
replace  iron,  steel,  masonry,  etc.,  by  reinforced  concrete,  reduce  the  thickness  of 
retaining  walls  by  the  use  of  this  material,  and  form  of  it  light  coverings  to  our 
service  reservoirs,  we  shall  lower  the  cost  of  construction  and  maintenance,  and 
lose  none  of  the  stabiUty  thereby. 

Our  bridges  would  be  lighter,  more  graceful  and  cheaper,  if  instead  of  using 
brick  or  stone  we  employed  reinforced  concrete  in  suitable  cases.  What  has  been 
done  by  continental  and  American  engineers  can  be  done  by  English,  and  we 
surely  should  take  our  place  in  the  progress  of  the  world,  and  not  stand  aside  while 
others  are  not  only  experimenting  with  and  obtaining  valuable  information  about 
reinforced  concrete,  but  are  also  employing  it  for  many  important  structures. 
Interest  is  certainly  being  aroused  in  this  form  of  construction,  but  there  still 
remains  an  unaccountable  prejudice  in  some  minds  against  its  employment. 
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Building  Regulations  Governing  Reinforced  Concrete  Structures 

In  all  popiilous  places  in  the  British  Islandjs,  buildings  are  not  allowed  to  be 
•erected  unless  in  accordance  with  certain  rules  ;  in  London  these  rules  are  set 
forth  in  the  London  Building  Act  of  1894,  and  various  other  Acts  ;  in  other  parts 
-of  England,  Wales,  and  in  Ireland  they  are  found  in  the  local  bye-laws  made 
by  each  City  Corporation,  Town  Council,  Urban,  or  Rural  District  Council,  under 
powers  conferred  by  the  PubHc  Health  Act,  Local  Improvement  or  other  Acts. 
Before  these  local  bye-laws  become  operative,  the  sanction  of  the  Local  Govern- 
ment Board  is  required. 

In  all  these  codes,  except  in  some  rural  districts,  the  minimum  thickness  of 
external  and  party  walls  is  fixed  on  the  assumption  that  the  waUs  are  built  of 
brick,  and  a  saving  clause  is  usually  added  that  when  built  of  concrete,  or  other 
suitable  material,  they  are  to  be  of  the  same  minimum  thickness  as  if  of  brick. 
There  are  as  yet  no  bye-laws  in  these  islands  which  take  account  of  reinforced 
concrete  walls. 

Local  authorities,  whose  bye-laws  receive  the  sanction  of  the  Local  Govern- 
ment Board,  have  no  power  to  vary  or  dispense  with  the  observance  of  any  of 
them.  It  is  therefore  economically  impossible  to  build  reinforced  concrete  walls 
in  England,  unless  in  works  exempted  from  the  control  of  the  Local  Authorities. 
In  London,  it  is  true,  the  London  Building  Act  confers  certain  powers  on  the  County 
Council  to  give  sanction,  after  special  application,  to  buildings  to  which  the  rules 
of  the  Act  do  not  apply,  but  unfortunately  this  is  only  procured  with  much  delay 
and  difficulty,  if  at  all. 

There  are  no  rules  hmiting  the  use  or  dimensions  of  reinforced  concrete  in  any 
other  parts  of  buildings  such  as  columns,  floors,  beams,  roofs,  etc.,  save  in  London, 
where  in  public  buildings  such  as  concert  rooms,  churches,  etc.,  the  general 
construction  must  be  to  the  satisfaction  of  the  District  Surveyor. 

Official  British  building  regulations  seem  all  modelled  on  one  pattern  :  even 
in  colonies  such  as  the  Cape  and  Natal  we  find  the  same  rules  set  forth  in  the  same 
words  in  the  bye-laws  of  Durban  and  Cape  Town  which  we  find  in  Manchester 
or  Dublin. 

A  better  practice  exists  in  Scotland,  where,  in  cities,  towns  and  burghs,  the 
permission  of  the  local  Dean  of  Guild  Court  must  be  procured.  Taking  Edinburgh 
Dean  of  Guild  Court  as  a  type,  there  are  no  regulations  fixing  either  the  size  or 
material  of  which  walls  are  to  be  built. 

If  the  Court,  which  by  law  must  have  at  least  three  members  who  are  architects, 
civil  engineers,  builders,  or  surveyors,  is  satisfied  that  the  building  can  be  safely 
erected,  permission  is  given. 

We  may  say  then  that  in  these  islands  there  are  no  legal  restrictions  on  the 
use  of  this  method  of  construction  in  ordinary  private  buildings,  except  in  the 
matter  of  walls  :  a  sufficiently  serious  restriction  certainly,  but  one  which  time 
and  greater  knowledge  will  no  doubt  remove. 

Within  the  last  few  years,  the  Local  Government  Board  has  issued  a  set  of 
revised  Model  Bye-Laws  for  use  in  rural  districts,  abandoning  all  rules  deaUng 
with  either  the  material  or  thickness  of  walls. 

Rural  districts  taking  for  the  first  time  powers  to  regulate  buildings  will  prob- 
ably adopt  these  model  rules,  omitting  reference  to  walls,  and  there  is  strong  pressure 
now  being  brought  to  bear  on  rural   authorities   whose  bye-laws  do   so  govern 
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the  thicknesses  and  materials,  to  urge  them  to  apply  for  the  sanction  of  the  Board 
to  omit  these  provisions. 

There  is  no  doubt  that  in  England  to-day,  the  feeling  is  becoming  general 
that  State  interference  with  the  construction  of  buildings  should  be  limited  to 
matters  affecting  health  or  the  public  safety. 

In  all  buUding  regulations  in  England,  Ireland,  and  Wales  certain  buildings 
are  exempt,  amongst  which  we  generally  find  premises  and  works  of  Dock  and 
Railway  Companies.  Such  complete  buildings  as  have  been  erected  in  this  country, 
with  a  few  exceptions,  have  been  erected  for  these  companies. 

The  attitude  of  the  Local  Government  Board,  with  respect  to  engineering  works 
in  reinforced  concrete  is  that  of  cautious  conservatism.  They  will  axjcept  this 
method  of  construction,  but,  up  to  the  present,  will  only  sanction  loans  repayable 
in  a  period  of  fifteen  years  where  it  is  adopted. 

The  most  complete  code  or  rules  governing  reinforced  concrete  buildings 
which  have  come  under  the  authors'  notice,  are  those  issued  by  the  Prussian  Govern- 
ment of  which  a  translation  is  given  [Appendix  No.  II.]  with  the  exception  of  the 
methods  of  calculation^  which  are  practically  those  adopted  in  this  book. 


Advantages  and  Disadvantages  in  the  Use  of  Reinforced 

Concrete 

The  use  of  this  form  of  construction  has  many  advantages  and  few  disadvan- 
tages. This  may  seem  at  first  sight  a  somewhat  wild  statement,  but,  when  we  come 
to  look  into  the  subject  thoroughly,  it  will  be  seen  that  there  is  little  doubt  as  to  its 
truth. 

Fire-resisting  Qualities. — Reinforced  concrete  is  an  undoubtedly  excellent 
material  for  fireproof  construction  since  the  concrete  protects  the  embedded  skeleton 
by  reason  of  its  low  conductivity  of  heat. 

The  employment  of  unprotected  ironwork  has  time  after  time  caused  the  almost 
complete  destruction  of  buildings,  in  consequence  of  the  joists  or  girders  being  badly 
distorted  by  the  heat.  The  danger  to  life  is  great,  not  only  for  the  inmates  of  such 
a  building,  but  also  for  the  fire  and  salvage  men. 

Timber  of  large  scanthng  is  considered  far  safer  for  use  in  the  construction  of 
buildings  than  unprotected  ironwork,  as  the  charring  of  the  wood  acts  as  a  preventa- 
tive to  further  combustion,  by  forming  a  non-conductive  coating. 

Where  timber  is  employed  there  are  always,  however,  joists,  rafters,  etc.,  of 
small  scantling,  and  these  take  fire  quickly  and  are  not  sufficiently  large  to  protect 
themselves  by  charring.  The  sparks  from  these  timbers  are  scattered  around,  and 
cause  the  fire  to  spread  to  the  surroimding  buildings  as  well  as  through  the  buildings 
m  which  it  originated. 

The  metal  skeleton  employed  for  reinforced  concrete  floors,  being  nearly  always 
used  in  the  form  of  a  network  of  more  or  less  fine  mesh,  has  a  marked  effect  in  pre- 
venting the  concrete  from  cracking  either  under  the  influence  of  the  heat  of  the  fire 
itself  or  under  the  rapid  cooling  action  of  the  water  thrown  upon  it. 

Ordinary  concrete  may  stand  the  action  of  fire  without  absolutely  giving  way, 
but  w^hen  a  stream  of  water  is  applied  to  the  hot  surface  the  cohesion  of  the  concrete 
is  rapidly  destroyed. 

The  finer  the  mesh  the  less  will  be  the  disintegration,  but  with  any  ordinary 
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floor  reinforcement,  the  cracking  of  the  concrete  is  so  Uttle  that  the  floor  will  be  as 
strong  after  the  fire  as  before. 

The  effect  of  the  cracking  of  the  concrete  subjected  to  tensile  stress  is  referred 
to  later,  and  it  is  clearly  shown  that  the  structure  will  still  be  perfectly  safe  even 
when  this  portion  of  the  concrete  is  badly  cracked. 

That  buildings  of  reinforced  concrete  are  habitable  directly  after  a  severe  con- 
flagration, has  been  proved  again  and  again,  and  this,  it  must  be  admitted,  is  an 
immense  advantage.  The  fittings  may  have  to  be  replaced,  but  the  buildings 
themselves  need  little  repair,  if  any. 

Yet  another  advantage  in  the  use  of  reinforced  concrete  for  fireproof  stractures 
is,  that  its  very  small  powers  of  heat  conduction  will  enable  firemen  and  others 
to  enter,  without  inconvenience,  and  with  perfect  safety,  the  rooms  just  above  and 
around  those  in  which  a  fire  is  raging. 

The  coefficient  of  expansion  of  iron  and  concrete  under  the  action  of  heat  being     yy^ 
practically  identical,  there  are  no  internal  stresses  set  up  between  the  iron  and  the 
concrete  by  differences  in  expansion  and  contraction.    The  opinion  of  continental 
and  American  fire-brigade  officers  is  strongly  in  favour  of  the  employment  of  rein- 
forced concrete  for  buildings,  and  many  English  officials  are  of  the  same  opinion. 

Limestone  should  not  be  used  for  concrete  where  there  is  any  danger  of  fire. 
The  cover  over  the  reinforcements  should  never  be  less  than  J  of  an  inch  for  thin 
slabs,  while  for  beams  and  columns  where  the  flames  can  wrap  roimd  the  thickness 
of  cover  must  be  increased  according  to  the  measure  of  fire  protection  required. 

Capt.  J.  S.  Sewell  in  his  report  to  the  Chief  of  Engineers  U.S.A.  on  the  Balti- 
more fire  states  that  hi  the  upper  story  of  a  building  with  reinforced  columns,  beams, 
and  floors  formed  of  granite  concrete,  where  the  heat  was  very  intense,  the  concrete 
was  only  affected  to  a  depth  of  ^  to  }  inches,  and  showed  no  tendency  to  flake  off, 
except  at  exposed  comers  which  showed  a  tendency  to  rounding  off  to  a  radius  of 
about  3  inches. 

On  the  wide  flat  surfaces  of  the  slabs  the  calcination  of  the  concrete  was  no 
more  than  \  inch  in  depth  and  showed  no  disposition  to  come  away. 

Capt.  Sewell  considers  that  |  inch  thickness  of  cover  to  the  rods  is  sufficient, 
but  that  all  exposed  comers  should  be  rounded  off  to  a  radius  of  3  inches. 

The  advantage  of  shearing  reinforcements — ^i.e.  reinforcements  in  the  vertical 
plane — ^rigidly  attached  to  the  longitudinals  is  very  great  in  the  case  of  fire,  since, 
if  the  concrete  is  damaged  up  to  the  bars,  the  adhesion  must  be  largely  destroyed 
and  the  adhesive  effect  is  never  the  same  when  fresh  concrete  is  added  to  the  old 
surface.  With  rigidly  attached  shearing  reinforcements  there  is  no  necessity 
for  adhesion  for  the  transmission  of  the  stresses  to  the  longitudinal  bar,  and  the 
resistance  of  the  piece  is  entirely  unaffected  even  though  the  concrete  below  the 
longitudinals  is  disintegrated. 

It  has  been  insisted  upon  by  some  authorities  that  the  use  of  flints  in  the  con- 
crete is  dangerous  in  case  of  fire,  and  tests  made  by  the  British  Fire  Prevention 
Committee  in  the  autumn  of  1905  appeared  to  indicate  the  danger  of  their  use 
very  conclusively.  Similar  results  were  obtained  by  the  commission  appointed 
by  the  city  of  Hamburg  in  1896  ;  in  both  cases  it  was  found  that  cinder  concrete 
suffered  least  under  severe  fire  and  the  action  of  a  water  jet  striking  the  concrete 
while  hot.  It  must  be  borne  in  mind,  however,  that  these  tests  were  very  severe  ; 
much  more  so  than  would  be  the  case  in  any  ordinary  fire. 

Flint  concrete  has  frequently  been  used  in  buildings  which  have  undergone 
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the  ordeal  of  fire,  without  disastrous  results,  and  unless  the  highest  fire  resistance 
is  required  there  appears  no  reason  to  discard  it  entirely. 

Where  rigidly  attached  shearing  reinforcements  are  employed  no  precautions 
are  necessary  in  the  selection  of  special  stone. 

Protection  of  the  Metal  from  Rust. — It  is  undoubted  that  in  reinforced  con- 
crete the  skeleton  is  perfectly  protected  against  rusting.  It  must  be  remembered, 
however,  that  for  this  form  of  construction  the  best  materials  must  be  used,  and  the 
concrete  properly  and  thoroughly  mixed,  and  well  worked  and  rammed  around  the 
reinforcement,  so  as  to  be  free  from  cracks  and  voids. 

Sometimes  where  the  larger  diameter  rods,  etc.,  are  used,  the  iron  is  brushed 
over  with  a  cream  of  neat  cement  before  being  embedded,  to  ensure  the  thoroughness 
of  the  protecting  coat,  but  when  small  sections  are  used  and  the  concrete  is 
rammed  thoroughly  around  the  skeleton  with  iron  rammers,  so  that  it  is  of  a  very 
close  and  impermeable  nature,  this  precaution  is  omitted. 

That  reinforced  concrete  requires  special  care  is  a  fact  admitted  by  all,  but  the 
same  appUes  more  or  less  to  aU  forms  of  construction,  and  this  special  care  is  well 
compensated  for  by  the  durability  obtained.  There  appears  to  be  a  chemical  action 
between  the  cement  and  the  iron,  forming  a  coating  of  siUcate  of  iron  on  the  rein- 
forcement, which  not  only  protects  it  from  oxidization,  but  also  removes  any 
httle  rust  that  may  be  on  it  when  placed  in  the  concrete,  and  gives  a  greater  adhesion 
between  the  two  materials.  The  coating  protects  the  reinforcement  against  oxidiza- 
tion, even  when  there  is  a  sUght  passage  of  water  through  the  concrete. 

It  is  not  to  be  denied  that  steel  and  iron  embedded  in  concrete  have  in  some 
few  cases  been  known  to  have  become  rusted,  but  in  such  cases  it  will  always  be 
found  that  the  concrete  is  of  a  porous  nature,  and  that  it  has  not  been  well  rammed 
around  the  iron,  and  consequently  the  protective  coating  has  in  places  not  been 
formed.  Even  with  porous  concrete  of  furnace  ashes,  if  this  layer  is  obtained, 
the  metal  will  remain  perfectly  protected  though  the  concrete  is  exposed  to 
continuous  moisture. 

When  steel  and  iron  are  employed  alone,  however  well  they  may  be  maintained, 
there  are  always  places  where  moisture  lodges,  causing  oxidization,  and  the  extra 
care  requiredin  the  maintenance  of  a  steel  or  iron  structure  very  greatly  exceeds  that 
for  the  proper  initial  protection  of  the  metal  in  a  structure  of  reinforced  concrete. 

Many  instances  might  be  cited  proving  the  thorough  protection  of  metal 
embedded  in  concrete.  Perhaps  the  most  remarkable  is  the  case  mentioned  by  Herr 
von  Empergner,  of  the  discovery  of  rods  embedded  in  concrete  under  water  for  four 
hundred  years  coming  out  free  from  rust.  An  interesting  experiment  was  conducted 
by  Mr.  E.  Ransome  of  New  York,  to  test  the  preservation  of  metal  when  embedded 
in  concrete.  He  partly  embedded  some  hoop-iron  in  concrete  blocks,  which  were 
left  exposed  to  sea  air  for  many  years.  When  the  exposed  iron  had  rusted  com- 
pletely away,  the  blocks  were  cut  open  and  the  embedded  metal  was  found  to  be 
entirely  free  from  rust. 

The  experiments  carried  out  by  M.  BreuiUie  at  La  Chainette  and  described  in 
the  Annates  des  Fonts  et  Chaussies  are  extremely  interesting,  proving  conclusively 
the  protection  of  metal  when  embedded  in  concrete.  A  description  of  these  tests 
was  pubUshed  in  the  Engineering  Record,  September  20,  1902.  " 

Reference  can  also  be  made  to  the  results  of  an  official  inquiry  into  reinforced 
concrete  pipes  [page  9]. 

It  is  sometimes  recommended  that  the  concrete  should  be  mixed  wet  where 
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it  is  applied  to  the  metal,  but  in  practice  it  is  very  difficult  to  make  the  concrete 
wet  around  the  reinforcement  and  moderately  dry  elsewhere,  and  it  has  been  found 
that  for  all  ordinary  cases  a  fairly  dry  concrete,  well  rammed,  will  form  a 
protective  coating  on  the  steel  or  iron,  and  moderately  dry  concrete,  well  rammed, 
will  acquire  its  maximum  strength  much  quicker  than  a  wet  mixture.  If 
mixed  too  wet,  the  concrete  probably  never  attains  its  full  strength.  In  special 
cases  the  reinforcement  can  be  brushed  over  with  a  grout  before  being  placed  in 
the  work.  It  is  also  sometimes  stated  that  the  metal  must  be  thoroughly  clean  before 
being  embedded  in  the  concrete,  but  this  does  not  appear  to  be  borne  out  by  facts. 
In  some  tests  made  to  elucidate  this  point,  the  curious  fact  presented  itself  that 
not  only  does  rusty  iron  become  clean  when  embedded  in  concrete,  but  that  it  becomes 
more  eflfectively  protected  against  oxidization  than  clean  iron  which  has  been 
similarly  treated.  A  rusty  and  a  clean  nail  were  both  embedded  in  the  same  con- 
crete block  and  left  for  over  three  years ;  on  being  taken  out  the  rusted  nail  had 
become  free  from  rust.  Both  nails,  together  with  a  new  nail,  were  then  placed 
in  water  ;  the  new  nail  rapidly  became  rusted.  The  nail  which  was  rusty  when  first 
embedded  in  the  concrete  block  showed  no  signs  of  rust  a  month  after  being  placed 
in  water,  except  at  one  place,  where  it  had  been  scraped  with  a  penknife  before 
bemg  immersed  ;  the  other  nail,  after  resisting  the  action  of  water  for  a  few  days, 
Bhowed  signs  of  rusting,  which  increased  wifh  time.  This  nail  rusted  more  on 
the  thin  edge  than  on  the  broad  edge,  which  only  showed  sUght  signs  of  rust  after 
being  a  month  in  water ;  the  new  nail  also  rusted  more  on  the  thin  edge  than  on 
the  flat  edge,  but  the  oxidization  was  more  marked.  These  tests  seem  to  show 
that  the  protective  coating  formed  on  clean  iron  will  dissolve  in  water,  but  that 
if  the  iron  is  sUghtly  oxidized  before  it  is  embedded,  some  chemical  combination 
in  the  coating  resists  solution  in  water.  This  is  a  curious  result,  but  it  was  very 
clearly  demonstrated  by  the  behaviour  of  the  iron  nails.  A  further  series  of 
experiments  of  the  same  nature,  and  with  similar  results,  have  also  been  made. 
Three  nails  (polished,  untreated,  and  rusty)  were  placed  in  a  block  of  concrete, 
which  was  submerged  in  water  for  three  months.  The  nails  were  then  taken  out 
and  exposed  to  the  weather ;  the  one  which  was  originally  rusty  stood  the  test 
best,  and  the  polished  nail  showed  signs  of  rusting  first.  Any  loose  rust  must  of 
course  be  removed  before  embedding  the  metal. 

Impermeability. — The  resistance  of  reinforced  concrete  to  the  penetration 
of  water  under  moderate  heads  is  one  of  its  most  advantageous  properties,  but, 
where  such  resistance  is  required,  the  concrete  should  be  of  sand  and  cement  only, 
and  in  proportions  not  more  than  three  to  one.  No  shingle  or  broken  stone  should  be 
used  in  the  mixture  except  in  comparatively  thick  walls,  where  concrete  of  shingle 
or  broken  stone  may  be  employed  for  the  backing. 

It  appears  that  free  carbonic  acid  has  a  bad  effect  on  the  concrete,  but,  when 
the  water  is  still,  a  little  carbonic  acid  in  solution  will  do  no  harm.  There  is  hardly 
any  hurtful  action  except  in  the  case  of  mineral  waters ;  but  even  in  this  case, 
as  a  rich  mortar  is  necessitated  by  the  requirements  of  impermeability,  the  ax;tion 
is  very  slow,  and  the  re-coating  of  the  face  may  be  considered  as  ordinary  main- 
tenance. This  property  of  reinforced  concrete  gives  it  a  distinct  advantage  over 
bricks  anil  masonry  for  aqueducts  and  service  reservoirs,  tanks,  etc.,  as  there  is 
no  need,  when  it  is  used,  to  employ  puddle  or  asphalte  to  prevent  leakage.  With 
proper  care  reinforced  concrete  will  retain  water  with  a  fifteen-foot  head  without 
any  sweating. 
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For  certain  industries,  where  vats  and  big  tubs  are  used,  reinforced  concrete 
has  proved  itself  immensely  superior  to  timber  for  their  construction,  and  it  has 
been  found  to  withstand  the  action  of  alkahes  and  acids  far  better  than  iron  or 
wood.  If,  however,  these  liquids  are  in  a  very  concentrated  state,  it  is  better  to 
use  a  special  lining,  such  as  glass  slabs,  as  concentrated  acid  and  alkahne  solutions 
will  act  upon  the  concrete. 

Running  water  has  no  effect  upon  reinforced  concrete  mixed  as  recommended, 
and  in  pipes  of  this  material  the  nodules  so  prevalent  in  iron  pipes  are  not  formed. 
It  is  well,  however,  to  keep  concentrated  solutions  of  nitric  or  hydrochloric  acid 
or  of  alkahes  from  the  pipes,  unless  they  are  frequently  flushed  with  fairly  pure 
water.     Reinforced  concrete  pipes  should  not  be  employed  for  hot  water. 

With  reference  to  the  use  of  this  material  for  pipe  and  reservoirs  and  to  its 
ImpermeabiUty  to  water,  the  diagram  (Fig.  1)  is  interesting,  as  showing  how  the 
leakage  decreased  in  a  conduit. 
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Fig.   1 


The  decrease  in  the  leakage  with  age  is  probably  due  to  the  water  liberating  small 
particles  of  cement  while  passing  through  the  mortar.  These  it  tends  ta  bring  to 
the  surface,  but  in  the  passage  carbonates  of  lime  are  formed  which  block  the 
pores. 

It  has  been  suggested  that  a  reasonable  proportion  of  ordinary  slaked  Ume 
should  be  added  to  the  cement,  which  would  supply  sufficient  Ume  to  ensure  the  clos- 
ing up  of  the  pores.  It  has  been  shown  by  certain  experiments  carried  out  by  Pro- 
fessor De  Smedt,  that  this  lime  would  have  no  injurious  effect  on  the  mortar,  only 
causing  a  slight  retardation  of  the  setting.  It  has  also  been  found  that  a  mixture  of 
soft  soap  or  caustic  potash  and  alum  incorporated  with  the  mortar  of  a  protective 
layer  or  rendering  will  secure  the  complete  impermeabiUty  of  concrete  structures. 
The  protective  layer  may  be  brought  up  against  the  forms  at  the  same  time  as 
the  concrete  is  deposited,  or  may  be  appUed  as  a  rendering. 

The  proportions  used  may  be  2  pounds  of  soft  soap  and  12  pounds  of  alum  with 
30  gallons  of  water  per  cubic  yard  of  mortar  ;  or  2  pounds  of  caustic  potash  and  5 
pounds  of  powdered  alum  to  10  quarts  of  water,  making  a  standard  solution  of  which 
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3|-  qaarts  may  be  used  with  each  mixing,  consisting  of  2  bags  (448  pounds)  of  cement, 
and  twice  its  volume  of  sand. 

It  appears  that  the  use  of  these  mixtures  produces  no  effect  on  the  strength  of  the 
concrete,  for  although  the  soft  soap  would  slightly  reduce  the  strength,  and  if  used  in 
large  quantities  would  cause  checking  and  cracking,  the  alum  alone  would  tend  to 
increase  the  strength.  These  two  substances  also  enter  into  a  chemical  combina- 
tion, which  prevents  any  individual  action  on  the  concrete. 

This  method  of  producing  impermeabiUty  was  put  forward  by  Mr.  W.  C.  Hawley , 
of  the  Pennsylvania  Water  Company,  in  a  paper  pubUshed  in  the  Journal  of  the  New 
England  Water  Works  Association,  and  read  at  the  meeting  held  on  December  9,  1903, 
an  abridgment  being  published  in  the  Engineering  Record  of  December  12,  1903. 

The  results  of  an  official  inquiry  into  the  behaviour  of  reinforced  concrete 
water  pipes  at  Grenoble  is  also  of  interest. 

Conclusions  Abbived  at  by  an  Official  Inquiby  into  the  use  of  Rbinfobcbd  Concbete 

Pipes  by  the  City  of  Gbenoble 

The  city  authorities  had  laid  in  1886  a  line  of  reinforced  concrete  water  pipes  330  ft.  in 
length. 

The  pipes  have  all  the  time  resisted,  and  still  resist,  the  normal  pressure  of  80  ft.  head  of 
water.  The  length  of  eeu3h  section  of  pipe  is  6  ft.  3  in.,  its  thickness  If  in.,  and  its  internal 
diameter  12  in. 

The  metal  skeleton  of  these  pipes  is  formed  by  thirty  longitudined  rods  ^  in.  diameter 
and  by  an  internal  /^  in.  spiral  wire,  also  an  external  ^  in.  spiral  wire. 

The  sections  of  the  pipes  weigh  88  lb.  ecKsh.  They  are  connected  together  with  reinforced 
concrete  rings. 

On  February  2,  1901,  a  length  of  16  ft.  of  these  pipes  W€W  raised.  Two  of  the  joint  rings 
were  broken  so  as  to  set  free  two  lengths  of  pipe  which  had  been  lying  mider  3  ft.  of  ballast. 

A  close  examination  of  these  pieces  established  the  following  facts  : — 

1st.  The  irreproachable  state  of  preservation  of  the  pipes,  in  which  there  was  fomid  a 
flight  calcareous  deposit  about  ^^  in.  thick.  They  did  not  show  the  least  fissure,  either  inter- 
nally or  externally. 

2nd.  There  existed  no  trace  of  oxidation  from  the  metal.  The  binding  in  wire  which 
•connected  the  longitudined  rods  was  absolutely  free  from  oxidation. 

3rd.  The  adherence  between  the  metal  and  the  cement  concrete  constituting  the  body  of 
the  pipe  was  such  that,  despite  the  thinness  of  the  concrete  (If  in.),  they  could  only  be  sepcurated 
by  heavy  blows  from  a  sledge-hammer. 

4th.  When  struck  with  the  hammer,  these  pipes  evinced  remarkable  sonority,  such  as 
might  be  obtained  from  a  sound  cast-iron  pipe. 

5th.     The  detCM)hed  fragments  of  the  6ement  concrete  showed  very  sharp  angles. 

6th.  The  Water  Committee  of  the  City  Council  declared  that  this  line  of  pipes  had  required 
no  repairs  since  it  was  set  in  place  in  1886. 

The  adaptability  of  this  material  for  the  construction  of  pipes  and  culverts  is 
well  shown  in  Fig.  2,  which  is  a  section  of  a  Monier  culvert  constructed  in  Venezuela 
to  conform  to  the  surface  of  the  ground. 

For  roofs  to  buildings^  the  advantage  gained  by  the  use  of  reinforced  concrete 
is  very  evident. 

A  sugar  store  at  Calais,  with  a  large  area  of  flat  roof,  has  been  covered  with 
about  12  inches  of  soil,  with  open  drains  under,  so  as  not  to  allow  the  soil  to  become 
overcharged  with  moisture.    A  good  hay  crop  is  obtained  from  this  roof  every  year. 

With  regard  to  the  use  of  pipes  of  this  material  it  may  be  interesting  to  men- 
tion that  since  August  1902,  18«63  miles  of  reinforced  concrete  pipes  have  been 
laid  on  the  Bonna  and  Bordenave  systems  for  the  Brussels  water  supply,  varying 
from  11*8  to  35*4  inches  diameter  for  a  maximum  head  of  138  feet.^     In  a  com- 

^  A  description  of  a  portion  of  this  work  is  given  on  p.  502. 
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municatioa  in  April  1906  the  Company  state  that  these  pipes  have  given  every 
satisfaction,  and  that  they  have  not  had  a  single  case  of  rupture. 

Some  most  interesting  tests  on  reinforced  concrete  pipes  were  made  by  Mr. 
J.  H.  Quinton,  of  the  United  States  Geological  Survey,  in  the  spring  of  1905.  An 
account  of  some  of  these  is  given  in  Appendix  III.  p.  582. 

It  appears  from  these  tests  that  for  heads  greater  than  70  feet  it  is  not  advis- 
able to  use  large  diameter  reinforced  concrete  pipes  tmless  some  special  water- 
tight sheeting  is  embedded  in  the  shell,  such  as  that  used  by  M.  Bonna  for  his  pipes. 
Bitum'nous  sheeting  might  be  employed  for  this  purpose  if  it  was  carefully  joined 
and  embedded. 

For  small  diameter  pipes  and  for  small  heads  it  does  not  appear  that  it  i» 
necessary  to  plaster  the  insides.  Results  obtained  in  actual  practice  prove  that 
reinforced  concrete  may  be  safely  adopted  for  the  construction  of  tanks  and 
standpipes. 

The  Fort  Revere  water  tank,  20  feet  diametei  and  fiO  feet  high,  with  6  inches 
thickness  at  the  bottom  and  3  inches  at  the  top,  coated  inside  with  1  inch  of  I  to- 
I  rendering,  is  perfectly  watertight. 


A  standpipe  at  Milford,  Ohio,  is  81  feet  high,  15'6feetoutsidediameter.  The 
shell  is  of  1  to  3  mortar,  5  inches  thick  at  the  top  and  9  inches  at  the  bottom,  and 
no  rendering  is  employed, 

A  water  tank  10  feet  diameter  and  43  feet  high  at  the  East  Jersey  Water  Com- 
pany's Filtration  Works,  has  walls  15  inches  thick  at  bottom  and  10  inches  at  the 
top.  The  concrete  was  in  the  proportions  of  1  to  3  to  7,  and  was  mixed  very  wet, 
no  waterproofing  mixture  or  rendering  being  employed.  The  whole  concrete 
in  the  walls  was  deposited  by  dropping  from  the  top,  the  entire  tank  being  con- 
structed in  this  manner  wittdn  the  short  period  of  8  hours.  Although  the  pro- 
portions of  the  concrete  are  certainly  not  those  which  would  be  generally  considered 
sufBcient,  and  in  spite  of  the  unusual  method  of  construction,  the  tank  is  abso- 
lutely watertight. 

Durability. — The  durabiUty  of  structures  of  reinforced  concrete  is  well  estab- 
lished. One  may  almost  say  that  the  cost  of  maintenance  is  nil,  it  being  well 
known  that  the  resistance  of  concrete  increases  with  time. 

In  this  respect  reinforced  concrete  compares  very  favourably  with  steel  and 
iron  structures,  whose  durabiUty  certainly  decreases  with  time,  both  on  account- 


GENERAL    REVIEW   OF   THE    SUBJECT 

of  fatigue,  the  action  of  which  is  even  now  not  fully  understood,  and  has  to  be 
allowed  for  largely  in  the  factors  of  safety  used  in  designing  these  structures  ;  and 
also  on  account  of  oxidation,  which  will  always  occur  in  places,  however  carefully 
the  structure  may  be  kept  painted.  Steel  and  iron  structures  require  almost 
continual  supervision  and  painting. 

It  is  said  that  some  portion  of  the  Forth  Bridge  is  always  under  the  painter's 
brush.  This  is  the  same  in  a  less  degree  with  structures  of  less  magnitude,  since 
if  ironwork  is  not  constantly  repainted  it  will  rapidly  deteriorate.  Brick  or  stone 
structures,  of  course,  require  little  care  in  maintenance,  but  reinforced  concrete 
is,  in  the  majority  of  cases,  applied  as  a  substitute  for  some  form  of  metal  structure, 
and  where  used  instead  of  brickwork  or  masonry  it  has  the  advantage  of  greater 
lightness  and  economy. 

No  boring  animals  work  their  way  into  reinforced  concrete,  and  structures 
of  this  material  are  consequently  free  from  rats  and  similar  vermin,  and  no  insects 
can  find  refuge  in  it,  as  in  the  case  of  timber.  When  old  Baker  Street  Station 
was  being  pulled  down  the  timber  was  found  to  be  simply  aUve  with  fleas, ;  this 
would  be  impossible  in  a  structure  of  reinforced  concrete. 

Reinforced  concrete  will  not  harbour  microbes,  as  it  is  perfectly  free  from 
pores,  and  thus  in  the  matter  of  hygiene  it  is  an  excellent  material  for  buildings 
such  as  fever  hospitals,  mortuaries,  abattoirs,  etc.,  as  well  as  for  ordioary  factories, 
warehouses  and  dweUing  houses.  For  jetties,  wharves,  and  similar  structures,  the 
employment  of  reinforced  concrete  is  immensely  superior  to  timber  or  iron,  as  it 
cannot  decay  or  oxidize. 

It  has  far  more  resistance  to  abrasion  from  shipping  or  other  floating  objects 
than  timber,  and  the  resistance  it  offers  against  the  attack  of  marine  worms  and 
insects  is  an  advantage  which  will  be  at  once  evident.  It  may  be  mentioned  that 
the  Memel  timber  at  Bell  Rock  was  discovered  by  Stephenson  to  be  destroyed 
by  the  Lemnoria  Terebans  at  the  rate  of  1  in.  per  annum,  and  at  Lowestoft  piles 
were  eaten  at  the  rate  of  3  in.  per  annum.  The  Teredo  Navalia  grows  to  as  large 
a  size  as  2  ft.  long  and  }  in.  diameter,  and  is  very  destructive  to  marine  timber 
work. 

Weight. — Reinforced  concrete  is  heavier  as  a  building  material  than  steel 
or  ironwork  for  supporting  the  same  load.  This  causes  its  own  weight  to  be  a 
greater  percentage  of  the  total  load  than  in  the  case  of  a  steel  or  iron  structure.  The 
high  percentage  of  dead  to  Uve  load  will  prevent  the  use  of  reinforced  concrete  for 
bridges  of  very  large  span,  although  it  is  an  advantage  in  other  respects. 

The  excess  of  weight  is,  in  a  great  measure,  compensated  for  in  the  use  of 
reinforced  concrete,  by  reason  of  its  employment  enabling  us  to  do  away  with 
most  of  the  auxiUary  parts  necessary  in  a  steel  or  iron  structure. 

The  flooring  and  beams  of  reinforced  concrete  act  together  in  resisting  the 
stresses,  and  there  are  no  tie  rods,  cross  girders,  jack  arches,  floor  plates,  flooring, 
etc.,  to  be  supported,  which  in  a  structure  of  steel  or  iron  always  add  considerably 
to  the  dead  load. 

In  road  bridges  of  reinforced  concrete,  the  decking  slab  needs  only  to  be  covered 
with  a  coating  of  asphalt,  or  other  paving,  to  make  the  road  surface,  whereas 
in  a  steel  bridge  there  must  be  a  decking  of  some  sort,  such  as  trough  floor- 
ing, and  this  must  be  filled  or  covered  with  concrete  before  the  road  surface  can 
be  formed. 

When    compared    with  brick  or  stone  piers,  abutments,  arches,  or  walls, 
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reinforced  concrete  has  about  three  to  five  times  less  volume,  and  therefore  has 
considerably  less  weight. 

In  abutments  and  retaining  walls,  it  is  evident  that  this  material  will  need  a 
much  less  thickness,  and  therefore  volume,  than  that  required  for  similar  works 
in  brick,  stone  or  plain  concrete.  The  comparative  lightness  of  arches  of  reinforced 
concrete,  especially  when  built  with  arcade  or  colonnade  spandrils,  enables  structures 
to  be  erected  which  are  impossible  with  ordinary  masonry  or  brickwork.  This 
is  shown  very  clearly  in  Fig.  3,  which  is  a  view  of  a  bridge  of  98-4  feet  span,  and 
showH  well  the  extreme  lightness  which  can  be  obtained  in  bridges  of  this  material. 

The  lightness  of  columns  and  walls  is  a  great  advantage  to  a  building,  and  the 
employment  of  reinforced  concrete  slabs  or  rafts  in  place  of  the  usual  foundations 
will  greatly  reduce  the  necessary  excavation,  besides  in  some  instances  enabUng  a 
building  to  be  erected  at  a  very  small  cost  for  foundations,  where,  if  ordinary 
materials  had  been  employed,  the  work  would  be  very  costly,  if  not  impossible. 


Resistance  to  Stresses. — The  resistance  of  concrete  to  imposed  stresses  is 
often  said  to  be  so  uncertain  that  the  employment  of  reinforced  concrete  must  be 
attended  by  great  risks.  This  might  be  refuted  by  simply  referring  to  the  many 
tests  of  structures  already  erected  and  in  use,  for  if  there  is  such  risk  it  certainly 
does  not  appear  to  be  shown  in  existing  works. 

More  can,  however,  be  said  on  this  subject.  When  briquettes  of  small  dimensions 
and  of  neat  cement  are  tested,  in  which  the  amount  of  water  used  has  been  carefully 
measured,  great  diversity  of  results  are  obtained  when  different  persons  test  the 
same  cement.  There  is  no  doubt  on  this  point.  It  will  be  found,  however,  that 
the  personal  difference  in  results  is  much  less  marked  in  sand  tests  than  in  those  of 
neat  cement. 

In  fact,  with  the  same  sand,  cement  and  water,  and  using  the  same  measured 
proportions  of  ingredients,  the  difference  in  the  results  of  tests  made  by  different 
persons  is  small.    Some  experiments  made  to  test  this  are  given  in  Table  I. 
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For  reinforced  concrete,  sand  and  shingle  or  broken  stone  are  used,  and 
it  is  extremely  doubtful  whether  there  is  much  variation  in  the  strength  of  such 
concrete,  if  it  is  made  of  a  finely  ground  cement  of  good  quaUty  with  properly 
selected  aggregate  and  clean  water.  It  is  certain  that  any  variation  in  the  strength 
does  not  amount  to  so  much  as  to  cause  an  appreciable  difference  to  the  safety 
of  the  structure  with  such  coefficients  of  resistance  as  are  usually  allowed  in  the 
calculations  for  reinforced  concrete.  The  resistance  of  the  concrete  to  tension  is 
generally  ignored,  and  where  it  is  allowed  for  a  very  low  value  is  given  to  it. 

TABLE   I 

Tests  Showing  the  Variation  of  Results  Obtained  in  Testing  Neat  Cement  and 
3  TO  1  Mortab,  the  Biiiquettes  Being  Made  by  Persons  of  Varying  Experience 
in  Cement  Testing.     Briquettes  Broken  after  28  Days. 


Description 
of  composition 

Made  by  a  boy              |      Made  by  a  man  accus- 
totally  unacquainted           toined  to  cement  testing,  ' 
with                            but  who  had  not  done 
cement  testing                any  testing  for  some  time 

1 

Made  by  a  man 

accustomed  to  cement 

testing  and  in 

practice 

of 
briquettes 

Tensile 
strength  in 
pounds  per 
square  inch 

Average              Tensile 
in               strength  in 
pounds  per    j  pounds  per 
square  inch    '  square  inch 

Average     [ 
in 
pounds  per 
square  inch 

Tensile 
,  strength  in 
pounds  per 
square  inch 

Average 

in 

pounds  per 

squire  in  oh 

Neat  Cement  with 
20%  of  water 

450 
440 
470 

1 
453 

600 
600 
580 

592 

1 

640 
620 
610 

C23 

3  of  Sand  to  1  of 
cement,  with  10% 
of  water  to  sand 
and  cement 

160 
165 

160 

1 
1 

162 

t 

145 
145 
145 

145 

155 
160 
150 

155 

1 

Although  its  resistance  may  be  ignored  in  tension,  still,  when  rigidly  attached, 
shearing  reinforcements  are  not  employed,  the  concrete  has  to  convey  the  incre- 
ments of  resistance  to  the  metal  sections,  inducing  longitudinal  shearing  forces,  and 
the  ability  of  the  concrete  to  resist  these  stresses  must  be  assured.  Many  constructors 
neglect  this  also,  and  assume  that  the  concrete  is  able  to  resist  them,  but  this  is  not 
always  the  case,  and  these  resistances  should  be  carefully  looked  into  and  provided 
for  where  necessary  by  rigidly  connecting  the  shearing  to  the  longitudinal  reinforce- 
ments. At  the  same  time  it  must  be  stated  that  one  of  the  curious  properties  of 
reinforced  concrete  seems  to  indicate  that  the  concrete  in  tension  can  bear  safely 
stresses  up  to  its  ultimate  breaking  strength.  It  has,  in  fact,  been  found  that 
carefully  made  and  stored  concrete  may  be  strained  up  to  its  ultimate  tensile  resist- 
ance without  cracking,  and  even  under  further  stress  it  appears  that  the  stresses 
in  the  concrete  remain  constant,  all  further  stress  being  taken  by  the  rods.  The 
concrete,  however,  still  stretches.  In  other  words,  after  the  ultimate  tensile  strength 
of  the  concrete  is  reached  its  modulus  of  elasticity  becomes  nil. 

These  remarkable  properties  have  not  been  as  yet  fully  explained,  but  that 
they  exist  in  pieces  carefully  made  and  properly  stored  has  been  shown  by  careful 
tests  made  by  M.  Considere,   which  will  be  referred  to  later. 

In  nearly  all  cases  the  concrete  is  only  considered  to  act  in  compression,  and 
the  reinforcement  is  calculated  as  taking  all  the  direct  tensile  stresses  and  in  many 
cases  the  tensile  shearing  stresses  also. 
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It  is  an  admitted  fact  that  the  variation  in  the  resistance  of  concrete  and  neat 
cement  to  compression,  is  less  than  in  the  tensile  resistance.  The  concrete 
when  reinforced  appears  to  offer  ample  resistance  to  compression,  and  in  almost 
all  cases  of  tests  to  failure  of  reinforced  concrete  under  bending,  the  test  pieces 
have  failed  first  by  the  cracking  of  the  concrete  by  longitudinal  tension  or  by 
diagonal  tension  due  to  shearing  stresses.  There  appears,  therefore,  to  be  no  cause 
to  fear  failure  by  reason  of  any  uncertainty  of  the  resistance. 

Hardness  and  Impenetrability. — ^The  hardness  of  reinforced  concrete,  whfc'i 
has  always  a  large  percentage  of  cement,  is  a  disadvantage  in  some  particulars. 
For  instance,  nails  cannot  be  inserted  easily,  and  when  anything  has  to  be  secured  to 
it  in  this  manner,  provision  must  be  provided  when  moulding.  In  many  buildings 
it  is  impossible  to  locate  the  runs  of  hot  and  cold  water  pipes,  electric  light  wires, 
etc.,  until  the  building  is  completed,  and  the  expense  of  drilling  through  well-made 
stone  or  gravel  concrete  is  considerable.  Every  effort  should  be  made  to  arrargi 
beforehand  as  far  as  possible  for  such  details  when  floors  and  walls  are  to  be  con- 
structed of  these  materials.  Coke,  breeze,  or  cinder  concretes,  of  course,  are  not 
open  to  this  objection,  though  they  are  much  weaker,  since  the  crushing  resistance 
of  the  aggregate  governs  the  crushing  strength  of  the  concrete. 

Moulding. — The  advantage  gained  by  being  able  to  mould  reinforced  concrete 
into  any  required  shape  is  very  great.  Many  parts  of  a  structure  can  be  moulded 
on  the  ground  before  being  placed  in  position,  thus  greatly  reducing  the  necessary 
false  work,  as  these  pieces  merely  require  to  be  propped  up  while  a  junction  is  moulded 
between  them  and  the  contiguous  parts.  Skew  bridges  require  no  more  care  in 
execution  than  those  on  the  square  ;  the  cutting  of  checks  at  the  springing  is  of 
course  unnecessary,  there  are  no  courses  to  require  special  care  in  setting  out  and 
no  stones  to  be  dressed  to  template. 

Concrete  piles  are  a  feature  of  special  interest,  the  ease  with  which  they  can  bo 
moulded,  lengthened  in  situ,  or  connected  to  columns,  or  deckings  forming  one 
continuous  whole,  has  given  them  a  position  for  structural  purposes  which  no 
other  kind  of  similar  support  can  attain  to. 

Ornamental  parts  of  a  structure  can  be  moulded  as  one  with  the  rest,  and,  "n 
fact,  are  often  made  to  take  their  part  in  the  resistance  to  stresses. 

Appearance. — Objection  is  frequently  taken  to  the  appearance  of  build- 
ings with  external  walls  of  concrete,  on  the  ground  that  the  surface  is  cold  and 
dead  in  colour  and  texture.  Much  may  be  done  to  improve  the  appearance  of 
these  walls,  as  described  later,  but  we  cannot  hope  to  see  cement  or  concrete 
acquire  the  rich  colourings  of  natural  stone  after  long  exposure  to  weather. 
Wall  surface,  however,  is  not  the  only  or  even  the  chief  element  upon  which  to 
form  a  judgment. 

The  artistic  effect  of  a  building,  a  bridge,  or  similar  structure,  must  depend 
largely  upon  qualities  of  design — grouping,  general  proportions,  light  and  shade, 
etc. — which  the  use  of  reinforced  concrete  instead  of  brick  or  stone  cannot  greatly 
affect.  Our  standards  of  taste  in  architecture  have  been  largely  built  up  on  stone 
and  brick  models,  and  doubtless  any  departure  from  those  models  cannot  be  pleasing 
until  the  mind  has  set  up  a  different  criterion. 

For  instance,  a  certain  massiveness — a  certain  thickness  of  wall — gives  us 
an  idea  of  permanence  and  stability  generally  accepted  as  desirable  qualities  in 
building.  We  may  have  the  same  permanence  and  stability  A\ith  much  thinner 
walls,  but  until  we  involuntarily  realize  this,  we  shall  continue  to  consider  a  bmld- 
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ing  of  reinforced  concrete  in  which  the  thinness  of  the  Myalls  is  a  noticeable  feature 
as  unsatisfactory  from  an  aesthetic  point  of  view.  It  is  true  that  to  make  walls 
of  reinforced  concrete  of  the  same  thickness  as  we  would  make  masonry  walls 
is  bad  art,  but  until  our  minds  instinctively  accept  the  appropriateness  of  the 
thin  construction,  it  will  be  advisable  to  avoid  the  display  of  thinness. 

In  arched  bridges,  the  necessary  proportions  of  our  material  do  not  vary  more 
from  the  proportions  of  brick  or  stone  than  is  sufficient  to  impress  us  with  a  sense 
of  lightness,  suggesting  rather  boldness  and  daring  than  any  want  of  strength. 
As  arches  in  this  material  can  be  made  to  resist  bending,  the  spandril  walls  and 
solid  fiUing  in  of  the  haunches  usual  in  masonry  bridges  are  not  required,  and  it 
is  customary  to  use  transverse  walls  or  columns  for  the  support  of  the  roadway, 
with  the  result  that  the  arcade  or  colonnade  treatment  of  the  spandrils  gives  greater 
play  of  light  and  shade  without  raising  any  doubt  in  the  mind  as  to  the  stability 
of  the  work.  It  has  always  been  a  regret  to  all  who  recognize  the  important  part 
which  a  sense  of  beauty  plays 'in  our  general  culture  and  civilization  that  the  track 
of  our  railways  has  been  marked  by  so  many  bridges  and  viaducts  of  iron  and 
steel  which  by  no  stretch  of  imagination  can  be  thought  beautiful,  and  in  many 
oases  are  even  aesthetically  offensive. 

It  is  generally  admitted  that  the  iron  viaduct  on  Ludgate  Hill  ruins  a  view 
of  one  of  the  finest  buildings  in  Europe,  while  the  Lambeth  Suspension  and  other 
bridges  over  the  Thames  are  also  examples  of  the  artistic  capabiUties  of  iron  and 
of  our  national  want  of  understanding  or  appreciation  of  the  beautiful.  Innumer- 
able plate  and  lattice  girder  bridges  throughout  the  country,  mar  the  finest  views 
of  our  rivers  and  valleys  not  by  the  mere  evidence  of  man's  presence,  but  by  the 
•disregard  of  all  grace  and  refinement  in  his  work,  betokening  a  rude  and  uncultured 
people. 

With  reinforced  concrete,  however,  we  may,  as  cheaply  as  in  iron,  build  arch 
bridges  which  will  rival  in  beauty  and  equal  in  permanence  the  finest  works  of 
the  past,  such  as  the  Ponte  Vecchio  in  Florence,  the  Pont  du  Gard  near  Avignon, 
or  oiu*  own  London  and  Waterloo  Bridges  over  the  Thames. 

The  Monolithic  Nature  of  Reinforced  Concrete  Structures. — A  structure 
of  reinforced  concrete  is  not  an  assemblage  of  parts  connected  together  in  a  more 
or  less  thorough  manner,  but  is  a  united  whole,  each  part  being  one  with  the  neigh- 
bouring pieces.  This  intimate  connexion  gives  a  strength  to  a  structure  unknown 
prior  to  its  introduction,  and  also  affords  an  almost  perfect  resistance  to  vibra- 
tions. This  resistance  is  perhaps  most  noticeable  in  buildings  containing  machinery, 
where  the  absence  of  vibration  is  not  only  beneficial  to  the  building  itself,  but 
^Iso  to  the  machinery  contained  therein,  which  runs  more  smoothly,  and  not  being 
subject  to  external  vibration,  has  a  longer  life.  Fast-running  machinery,  such 
as  that  used  for  working  dynamos  or  centrifugal  pumps,  is  specially  benefited 
by  being  placed  in  buildings  of  this  material. 

For  structures  on  bad  or  swampy  ground,  reinforced  concrete  and  brickwork 
have  a  peculiar  advantage  ;  a  reinforced  platform  under  the  building,  supported,  if 
necessary,  on  reinforced  piles,  being  an  ideal  foundation  in  such  cases,and  their  mono- 
lithic nature  enables  them  to  resist  the  stresses  caused  by  unequal  settlement.  Such 
a  building  is  also  lighter  than  one  of  ordinary  brickwork  or  masonry,  which  is  an 
^vantage.  The  description  of  the  destruction  of  the  San  Marino  Pavilion,  erected 
for  the  Paris  Exhibition  of  1900  by  M.  Cottan9in  is  given  below,  and  clearly  shows 
the  monolithic  nature  of  such  structures. 
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Account  of  the  Destboction   of  the   Pavilion    of   the   Repdblic  of  San 
Marino,  Built  fob  the  Pabis  Exhibition  of  lEOO,  dm  the  C0TTAH91N 
System/ 

This  pavilion  wae  erected  at  the  foot  of  the  Eiffel  Tower  on  foundations  of  the  cellular 
box  type,  largely  employed  in  the  atructuree  erected  by  M.  Cottan^in. 

The  framework  of  the  building  consisted  of  four  groups  of  vertical  and  arched  members, 
tied  together  with  horizontal  ties,  the  whole  being  formed  of  reinforced  cored  brickwork  and 
concrete.  At  one  comer  a  space  was  formed  for  a  staircase,  and  at  another  for  a  turret  (Fi  j.  4). 
[The  supports  at  P,  O,  N,  and  U  are  omitted  in  this  Figure].  At  the  back  of  the  building 
the  uprights  I  and  K  were  placed  to  cive  greater  rigidity. 

At  each  corner,  i.e.  A,  B.  C,  and  D ';  E.  H.  and  I ;  M,  L,  and  K,  and  P,  O,  N,  and  R. 
there  was  an  area  of  brickwork  of   186  square  inches. 

The  weight  of  the  building  was  IIS  tons,  and  therefore  each  group  carried  about  29-5  tons, 
equal  to  3d5  pounds  per  square  inch,  or  about  33  per  cent,  of  the  ultimat«  crushing  strength 
of  the  bricks — omitting  the  mortar  cores. 

The  ijroups  were  braced  together  by  horizontal  courses  of  reinforced  brickwork,  forming 
rectangular  frames  from   8  to   16  inches  thick  (Fig.   i). 

4  cored  brick  arches,  3  J  inches 
thick  and  S|  inches  deep, 
sprung  from  the  uprights  D', 
H',  L,  and  R' (Fig.  i). 

The  upper  ends  of  these 

arches     abutted      against    a 

square  frame  tor  the  centrcl 

skylight  about  39  feet  above 

the  bottom  floor.    This  frame 

also  received  the  ends  of  the 

roof   ribs,   which  abutted    at 

the    top,    while    the    arches 

Pjq   5  abutted  at  the  bottom  (Fig. 

4).     Each  group  of    support 

had  48  reinforcing  wires,  and 

the  total   section^    area    of 

steel  in  each  group  was  8-31 

square  inches  or  a  weight  of 

'mnrme  hw     m  ^'^  pounds  per  foot  of  height. 

iw—u  IT  a  aiHaiis,  The   weight   of  Steel   for 

Fio.  4  the  whole  building  was  only 

13-8  pounds  per  foot  of  height. 

The  panels  of  the  wall  were  filled  in  with  thi:\  slabs  of  plaster  of  paris.     When  the  building 

had  to  be  removed,  a  severe  fire  test  was  first  carried  out,  without  any  signs  of  failure,  even  when 

played  upon  by  the  firemen's  hoses ;    no  cracks  showed  between  the  cored   brickwork  and 

the  plaster  paneb,  although  the  glass  in  the  skylight  had  melted  and  the  portions  of  the  cored 

concrete  were  covered  with  "  vassy  "  cement,  though  the  rendering  was  the  only  part  affected. 

After  the  fire  test,  the  demolition  was  commenced  by  knocking  away  the  support  to  the 

turret  at  O  {Fig.  4). 

After  five  blows  with  a  ram  weighing  1,540  jiounds,  and  a  stroke  of  3^  feet,  12  to  16  inches 
in  height  was  broken  away,  leaving  half  the  weight,  or  59  tons,  supported  on  119^  square  inches 
of  cored  brickwork. 

This  area  of  the  reinforced  brickwork  was  consequently  subjected  to  a  stress  of  about  1,100 
pounds  per  square  inch. 

The  support  at  R  was  next  battered  in,  leaving  only  47  square  inches  of  support  for  the 
r>&  tons  weight,  or  about  2.844  pounds  per  square  inch  of  support. 

The  support  P  was  partly  broken  away,  leaving  only  4-7  square  inches  of  support  intact, 
for  which  the  ap[)arent  stress  amounted  to  12-7  tons  per  square  inch.  Failure  only  occurred 
when  this  47  square  inches  was  knocked  in,  leaving  no  support  under  the  turret.  It  is  well  to 
mention  that  in  all  probability  part  of  tlie  weight  was  carried  cantilever- wise  by  the  groups 
at  A,  B,  C,  D  and  M.  L,  K,  the  cantilever  end  being  anchored  by  the  group  E,  H,  I,  but  in 
any  case  the  upper  part  of  the  corner  at  N,  O,  P  and  R  not  failing  until  its  whole  support  was 
removed,  shows  the  immense  resistance  of  reinforced  concrete  and  brickwork. 
'  Engineering,  March  21,   1900. 
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When  the  failure  occurred,  the  upper  portions  P'  P*'  and  N'  K'  gave  way  first,  the  flyirig 
arches  being  forced  out  at  the  comers  at  M'  B'  €uid  E'  by  snapping  the  wire  cores  (12  at  each 
point). 

The  uprights  at  M',  B',  and  E*  were  forced  outside  the  building  but  remained  perfectly 
intact  from  the  level  of  the  springing  of  the  arches,  to  the  point  of  failure. 

The  whole  story  above  B'  O'  M'  and  E'  came  down  bodily,  and  the  flat  roof  dropped 
vertically  on  to  the  ground  floor,  carrying  the  first  floor  gaUery  with  it. 

The  displacement  in  the  direction  of  the  under  cut  comer  at  O  was  only  from  1-64  to  2-28 
feet,  and  the  bottom  floor  retained  its  horizontal  position,  suffering  Httle  or  no  deformation, 
and  present  only  a  few  slight  crckcks. 

These  tests  prove  the  great  strength  and  stability  of  this  form  of  construc- 
tion. They  also  demonstrate  how  each  part  of  a  reinforced  concrete  or  brickwork 
structure  will  support  others,  and  prove  that  great  resistance  still  remains,  even 
when  only  a  part  is  left  standing. 

The  effect  of  similar  tests  on  a  structure  formed  of  the  usual  building  materials 
need  not  be  enlarged  upon.  A  structure  of  steel  or  iron,  when  partly  demoUshed, 
loses  its  resisting  quaUties  almost  entirely  on  account  of  the  want  of  rigidity  at  the 
joints,  and  ironwork  built  into  brickwork  or  masonry  would  not  show  very  great  re- 
sistance if  subjected  to  the  treatment  applied  to  this  building  of  reinforced  concrete. 

Resistance  to  Shocks. — The  small  vibration  produced  in  a  structure  of 
reinforced  concrete  clearly  points  to  the  further  advantage  of  resistance  to  shocks. 

The  driving  of  concrete  piles  30  or  40  feet  long  without  any  shattering  clearly 
proves  that  the  resistance  of  reinforced  concrete  to  shocks  is  very  great. 

The  very  short  period  of  vibration  of  floors  of  this  material,  when  subjected  to 
the  action  of  a  falling  load,  is  clearly  brought  out  by  the  experiments  detailed  below. 

In  a  test  carried  out  recently  in  Paris  by  the  engineers  of  the  Paris  and  Orleans 
Railway  Company,  at  their  electric  works  at  Austerlitz  Station,  two  floors  had  been 
constructed,  one  in  reinforced  concrete,  the  other  with  rolled  joists  and  brick  jack 
arches,  each  with  the  same  bearing,  and  calculated  for  a  similar  free  load.  These 
floors  were  tested  in  order  to  ascertain  the  result  of  shocks. 

The  dead  weights  of  the  floors  were — 

Iron  and  brick  floor  .         .         .         100  lb.  per  sq.  ft. 

.    Reinforced  concrete  floor  .         ,  62 


>)  )» 


A  weight  of  112  lb.  dropped  from  a  height  of  6  ft.  6  ins.  on  the  iron  and  brick 
floor  produced  vibrations  of  -^  in.  amphtude,  lasting  two  seconds,  while  a  weight 
of  220  lb.  falling  13  ft.  on  to  the  reinforced  concrete  floor  only  caused  vibrations  of 
•^  in.,  lasting  |^ths  of  a  second. 

The  short  period  and  smallness  of  the  vibrations  in  a  reinforced  concrete 
structure,  protect  it  in  a  great  measure  from  the  gradual  fatigue  which  is  so 
noticeable  in  structural  metal  work. 

There  were  no  complete  buildings  of  reinforced  concrete  in  San  Francisco  at 
the  time  of  the  earthquake  in  the  spring  of  1906.  The  few  floors  of  this  material 
stood  well,  and  one  building  which  was  in  the  course  of  construction  on  the  Kahn 
system  and  of  which  two  stories  were  complete  and  the  third  floor  had  been  finished 
four  days  before  the  earthquake,  stood  without  a  crack.  The  floors  were  supported 
on  columns,  but  the  local  authorities  had  insisted  on  brick  external  walls.  These 
walls  were  badly  cracked  and  had  to  be  replaced.  If  the  whole  building  had  been 
of  reinforced  concrete,  it  would  have  required  no  repairs.  At  Palo  Alto  the 
central  wing  of  the  Museum  building  at  Leland  Stanford  University  was  built  of 
reinforced  concrete  and  the  two  side  wings  were  of  brickwork  with  floors  of  this 
material.  The  earthquake  was  very  severe  at  this  place,  and  the  building  was 
severely  shaken,  causing  the  complete  destruction  of  the  side  wings,  while  the  re- 
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inforced  concrete  wing  was  absolutely  uninjured  with  the  exception  of  a  few 
cracks  in  the  interior.  Another  reinforced  concrete  building  at  the  Stanford 
University  would  have  been  practically  uninjured,  had  not  a  chimney  fallen  upon 
it.  The  Post  Office  at  Palo  Alto  is  also  built  entirely  of  reinforced  concrete,  and 
remains  practically  undamaged.  It  is  undoubted  that  reinforced  concrete  con- 
struction will  be  largely  employed  in  rebuilding  San  Francisco  and  its  suburbs. 

It  cannot  be  definitely  stated  that  constant  vibrations,  such  as  those  sustained 
by  railway  bridges,  would  not  ultimately  have  a  detrimental  effect  on  reinforced 
concrete.  Time  only  can  demonstrate  this,  but  it  is  certain  that  the  vibrations 
will  be  small  compared  to  those  occurring  in  steel  bridges,  and  it  is  extremely 
probable  that  the  combination  of  concrete  and  steel  may  be  found  to  give  excellent 
results.  It  would,  however,  be  foolish  to  assert  definitely  that  such  would  be 
the  case,  until  sufficient  time  has  been  allowed  to  elapse  and  a  correct  judgment 
obtained,  although  a  great  number  of  culverts  and  some  arched  bridges  have  been 
•constructed  on  the  Continent  and  in  America  and  Siberia  of  this  material. 

At  the  International  Railway  Congress  at  Washington  in  1905  Herr  W.  Ast, 
•Chief  Engineer  of  the  Kaiser  Ferdinands-Nordbahn,  mentions  under-bridges 
on  the  Lower  Austrian  Railway  (Waldviertel  Line)  with  spans  of  33  and  66  feet 
which  have  given  excellent  results.  He  also  mentions  under-bridges  on  the  Prussian 
South  Eastern,  Austrian  Southern,  Aussig-Teplitz,  Swiss  Federal  and  Italian 
Meridional  Railways  and  passenger  subways  under  the  Kaiser  Ferdinands-Nord- 
bahn and  Swiss  Federal  Railways. 

Herr  W.  Ast  emphasizes  the  greater  stiffness  of  reinforced  concrete  than  steel 
work  and  its  greater  resistance  to  the  shocks  caused  by  moving  loads. 

The  Russian  Engineers  on  the  Manchurian  Railway  used  reinforced  concrete 
extensively  for  small  bridge  culverts,  thereby  reducing  the  depth  of  embankments 
and  overcoming  the  difficulty  experienced  in  obtaining  bricks  or  masonry.  Flat 
slabs  8 J  inches  deep  were  used  for  7  foot  spans,  while  for  longer  spans  up  to  21  feet 
the  depth  was  increased  towards  the  centre,  the  central  depth  for  21  foot  slabs 
was  2^  feet  and  proportionately  less  for  smaller  spans.  The  rails  were  laid  over 
these  bridges  7  days  after  completion. 

The  great  resistance  offered  by  reinforced  concrete  to  shocks  and  vibrations, 
renders  it  peculiarly  appropriate  for  the  construction  of  miUtary  works,  such  as 
forts  and  shelters. 

Notice  of  the  Approach  of  Failure. — A  structure  of  reinforced  concrete  will 
seldom  collapse  suddenly,  but  will  give  plenty  of  warning  before  giving  way.  .  This 
has  been  proved  again  and  again  in  experiments  and  tests. 

The  behaviour  of  a  test  T-beam  at  Calais  may  be  mentioned,  as  bearing  on  this 
valuable  property  of  reinforced  concrete.  This  test  beam  had  been  calculated  for  a 
load  of  4  tons.  In  November  1898  it  was  loaded  with  34  tons  of  rails,  with  the 
result  that  it  cracked  at  the  centre  of  the  span  ;  four  very  noticeable  fissures  extend- 
ing well  into  the  upper  portion  of  the  beam.  Since  that  date  it  has  been  left 
with  the  34  tons  upon  it,  equal  to  8  J  times  the  calculated  load,  without  any  increase 
in  its  deflection  or  in  the  size  of  the  cracks. 

M.  Christophe,  in  his  book,  Le  Beton  Arme,  quotes  the  results  of  experiments 
<5arried  out  by  the  Commission  on  Arches  of  the  Society  of  Austrian  Engineers  and 
Architects,  in  a  series  of  tests  to  rupture  on  arches  of  23  metres,  or  about  75  feet 
span,  and  constructed  of  different  materials. 

It  is  interesting  to  note  that  for  the  several  materials  tested  the  excess  of  the 
loads  at  the  time  of  breaking  to  those  when  the  first  crack  appeared  were  as  follows — 
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For  Ashlar    .          .          .  .  ,30  per  cent. 

For  Brickwork       .          .  .  .59  per  cent. 

For  Ordinary  Concrete  .  .  .31  per  cent. 

For  Reinforced  Concrete  .  .      86  per  cent. 

These  tests,  which  were  carried  out  by  a  responsible  authority,  show  veiy 
clearly  that  the  failure  of  a  reinforced  concrete  structure  is  very  gradual,  and  that 
the  resistance  is  still  very  great  after  the  first  crack  has  appeared. 

The  Effect  of  Atmospheric  Changes. — The  effect  of  changes  of  temperature 
on  concrete  has  been  referred  to  when  dealing  with  the  fire-resisting  quahties  ; 
but  smaller  changes  of  temperature  than  these  have,  as  is  well  known,  a  marked 
effect  on  concrete,  and  the  richer  in  cement  we  make  the  mixture  the  worse  would 
be  this  effect. 

Also  the  humidity  of  the  atmosphere  affects  the  concrete  considerably,  damp- 
ne3s  causing  an  elongation,  and  dryness  a  contraction. 

The  variation  in  volume  of  concrete  under  changes  of  humidity  appears  to  be 
even  more  affected  by  the  richness  of  the  mixture  than  under  that  change  of  temper- 
ature. This  change  of  volume  is  clearly  a  disadvantage  in  reinforced  concrete 
construction,  as  it  is  a  sine  qud  non  that  rich  mixtures  should  be  used.  Fortunately, 
however,  the  reinforcing  rods  and  network  appear  to  act  as  preventatives  against 
the  cracking  of  the  surface  of  the  concrete,  and  it  is  seldom  found  that  cracks  are 
formed  where  the  reinforcement  is  placed  near  the  face  exposed  to  changes  in 
temperature  and  humidity. 

In  buildings,  except  in  special  instances,  the  concrete  is  not  exposed  to  sudden 
<}hanges  of  this  character,  under  normal  conditions,  and  in  most  structures  the 
surface  can  be  covered  with  some  non-conducting  medium,  such  as  soU,  or  paving. 

In  retaining  waUs  and  similar  structures,  vertical  timber  expansion  strips  can 
be  used,  as  they  do  not  affect  the  stability,  except  in  the  case  of  walls  curved  in  plan, 
in  which  they  should  not  be  used. 

In  bridges,  and  cases  where  beams  and  floorings  are  not  fixed  but  free  on  their 
support,  there  is,  of  course,  a  certain  freedom  to  expansion,  and  contraction. 

In  large  arches  of  reinforced  concrete  it  is  well  for  this  reason  to  place  hinges 
at  the  abutments  or  at  the  abutments  and  centre. 

It  is  advisable  in  special  cases  to  place  a  light  mesh  of  ironwork  near  an  exposed 
surface,  to  prevent  cracking  from  temperature  and  humidity  changes. 

As  in  the  casting  of  iron,  quick  changes  of  thickness  should  be  avoided,  and 
all  angles  should  be  rounded.  Panels  in  bridge  parapets,  and  faces  of  buildings, 
etc.,  should  have  splay  mouldings  where  possible,  to  reduce  the  thickness  gradually. 
When  placing  the  concrete  in  position,  it  is  well  to  keep  it  damp  during  the  set- 
ting, since  the  slower  the  setting  action  the  better  the  concrete  will  be  able  to  resist 
the  action  of  changes  of  temperature  and  humidity.  In  times  of  great  heat  or  dryness 
it  is  specially  advisable  to  keep  the  surface  moist  and  protected  from  the  sun's  rays, 
so  that  it  may  not  set  too  quickly.  The  whole  body  of  the  concrete  should,  as  far 
as  possible,  set  together  to  prevent  internal  stresses  being  set  up. 

It  is  better  to  avoid  concreting,  if  possible,  during  severe  frosts,  since  although 
when  proper  precautions  are  taken,  such  as  the  addition  of  salt  to  the  water  and 
the  heating  of  the  sand  and  stone  there  appears  to  be  no  danger,  it  is  better  to 
avoid  the  chance  if  the  delay  will  not  greatly  affect  the  economy. 

Many  buildings  and  bridges  have  been  constructed  during  severe  frosts  in  the 
United  States  without  any  detrimental  effect  on  the  concrete. 
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Evenness  of  Temperature  and  Deadening  of  Sound  in  Buildings  of  Re- 
inforced Concrete. — The  poor  conducting  qualities  of  concrete  keep  the  roomB  in 
buiidii^B  of  reinforced  concrete  at  a  very  equable  temperature,  which  is  a  special 
advantage  where  they  are  partially  in  the  roof,  and  in  ordinary  buildings  are 
unbearably  hot  in  the  summer  and  excessively  cold  in  the  winter.  The  advantages 
of  this  quality  in  the  case  of  a  fire  have  been  referred  to  [p.  4].  Unfortunately, 
well-made  concrete  readily  transmits  sound,  which  penetrates  single  walls  and  ^ 
floors  in  a  very  marked  degree. 

It  is  very  usual,  however,  to  employ  double  walls  in  this  form  of  construction, 
as  these  may  be  made  very  thin,  and  can  be  united  together  by  bonding-in  cross- 
ties,  80  that  the  two  walls  act  as  one,  in  resisting  the  stresses.  Floors  are  a]so 
made  double,  the  ceiling  slab  being  separate  from  the  flooring  slab,  and  the  same 
method  is  employed  for  roofs.  When  it  is  necessary  to  deaden  sound  it  is  advan- 
tageous to  use  self-supporting  tubes  of  reinforced  concrete ;  or  hollow  concrete 
blocks,  or  tiles,  supported  by  reinforced  concrete  beams  moulded  between  them. 

Ease  and  Rapidity  of  Erection. — Ease  and  rapidity  in  the  erection  of  a  re- 
inforced concrete  structure  are  immense  advantages  :  walls  can  be  moulded  of 
concrete  far  quicker  than  they  can  be  built  of  stone  or  bricks. 


Floors  and  roofs  are  moulded  at  the  same  time  as  their  supporting  beams. 
The  rapidity  with  which  a  large  building  can  be  erected  is  well  shown  by  the  photo- 
graphs (Fig.  6),  the  dates  on  which  show  the  progress  made  in  building  the  factory 
of  the  Caddlac  Automobile  Company  on  the  Kahn  system.  This  building  is  360 
feet  long  by  90  feet  wide,  and  a  large  amount  of  excavation  and  high  basement 
walls  were  necessary.     It  was  essential  that  the  building  should  be  ready  for  use 
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within  ten  weeks  after  the  Btgntng  of  the  contract.  The  first  photograph  ahows  the 
Bite  before  operations  were  commenced,  and  the  last  shows  the  completed  building. 

Bridges  can  be  erected,  and  roofing  to  reservoirs  constructed,  in  a  far  shorter 
time  when  made  of  reinforced  concrete  than  of  brick,  stone,  or  iron. 

The  materials  are  easily  procured,  and  require  no  such  treatment  as  that  of 
dressing  stone  or  the  making  of  girders  to  dimensions. 

The  iron  or  steel  work  is  almost  entirely  in  the  form  of  round  rods,  hoop  iron, 
or  wire,  being  only  in  a  few  instances  of  special  section.     It  is  in  most  cases  simply 


Itud  in  place,  and  perhaps  tied  with  wire  at  crossing-places,  and  requires  only  ordin- 
ary simple  smith-work  which  can  be  done  on  a  portable  forge  at  the  site  of  the 
works,  or  the  pieces  may  be  bent  to  the  required  shape  and  cut  to  necessary  dimen- 
sions before  delivery. 

In  some  few  instances,  a  small  quantity  of  bolts  are  required,  but  this  only 
appUes  to  a  few  methods  of  reinforcement. 

Special  Precautions  Necessary. — Great  care  and  judgment  are  required  in  the 
selection  and  preparation  of  material  and  preparing  of  temporaiy  work  for  the 
erection  of  reinforced  concrete  structures.  The  cement  must  be  of  the  very  best, 
finely  ground  and  cool.  The  aggregate  must  be  of  proper  size  for  the  different 
binds  of  work,  and  should  generally  be  perfectly  clean,  although  it  has  been  found 
that  small  percentages  of  clayey  matter  in  a  sand  do  not  necessarily  reduce  the 
strength  of  the  concrete  or  mortar,  while,  in  some  cases,  it  may  be  better  to  use 
an  apparently  dirty  sand  without  washing.  If  there  is  any  doubt  as  to  the  cleanness 
of  the  sand,  careful  tests  should  be  made  with  it  both  washed  and  unwashed,  lasting 
over  as  long  a  period  as  possible.  The  concrete  when  mixed  should  be  moderately 
dry.  The  water  should  be  quite  clean,  and  the  concrete  thoroughly  and  carefully 
mixed  and  deposited. 

The  falsework  requires  special  care  and  forethought,  so  that  it  may  be  as 
economical  as  possible,  since  it  forms  a  large  item  in  the  total  cost  of  a  reinforced 
concrete  structure.  The  concrete  must  be  thoroughly  well  rammed,  especially 
round  the  reinforcement,  as  it  is  very  essential  that  there  shall  be  no  pores,  and  that 
the  concrete  shall  be  thoroughly  homogeneous. 

Great  care  is  necessary  in  the  placing  and  keeping  of  the  reinforcement  in 
position,  as  the  strength  of  the  structure  mainly  depends  on  the  skeleton  being 
in  its  calculated  position.  Welding  should  be  avoided  if  possible,  and  any  bending 
m:i8t  be  done  with  great  care,  so  that  no  appreciable  strength  is  lost  thereby. 

Sufficient  thickness  of  concrete  should  be  allowed  on  all  sides  of  any  reinforce- 
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ment,  except  when  any  parts  are  tied  or  otherwise  connected.     This  thickness 
should  never  be  less  than  the  diameter  or  width  of  the  bar. 

Both  foremen  and  labourers  must  be  carefully  selected,  and  the  foreman 
especially  trained  to  apply  the  care  and  thought  required,  in  order  that  he  may  sse 
that  the  structure  is  exactly  as  designed,  and  that  all  fixtures,  etc.,  are  properly 
moulded  in  the  places  assigned  to  them.  A  careless  laboiu'er  should  be  dismissed 
at  once,  as  there  must  be  no  risk  of  bad  workmanship. 

The  benefits  derived  from  this  form  of  construction  amply  repay  the  necessity 
of  employing  selected  men  at  a  sUght  increase  on  the  usual  rate  of  wages.  A 
foreman,  who  should  thoroughly  understand  smith-work  and  timbering,  a  good 
carpenter,  and  blacksmith,  with  the  labourers  specially  selected,  are  all  that  is 
required,  and  no  other  tradesmen  are  necessary  except  in  the  case  of  reinforced 
brickwork,  and  in  this  instance  the  employment  of  bricklayers  is  compensated 
for  by  there  being  no  carpentry  for  falsework. 

Economy. — The  large  amount  of  falsework  needed  for  the  proper  moulding 
forms  a  considerable  item  in  the  cost  of  a  structure  of  reinforced  concrete,  but 
this  falsework  is  usually  of  an  extremely  simple  form,  and  requires  no  special  treat- 
ment, and  very  few  timbers  of  large  scantling.  Sometimes  the  parts  of  a  building  can 
be  moulded  on  the  ground  before  erection,  which  greatly  reduces  the  amount  of 
falsework  required.  The  comparative  hghtness  of  arches  of  reinforced  concrete, 
compared  to  similar  masonry  and  brickwork  structures,  allows  the  centring  to  be 
much  lighter  than  that  generally  employed. 

If  too  much  concrete  has  been  mixed  for  immediate  use,  it  appears  that  it  may 
be  used  even  after  it  has  been  mixed  for  some  hours,  providing  the  cement  is  suffi- 
ciently slow-setting,  and  the  atmospheric  conditions  do  not  incUne  to  excessive 
heat  or  dryness.  This  is  clearly  shown  by  a  set  of  experiments  carried  out  to 
ascertain  the  loss  of  strength  caused  by  mixing  mortar  several  hours  before 
using  it. 

The  description  of  these  experiments  was  pubhshed  in  a  paper  on  the  subject 
of  construction  in  concrete  and  reinforced  concrete,  which  appeared  in  vol.  cxlix. 
of  the  Minutes  of  Proceedings  of  the  Institution  of  Civil  Engineers,  and  the  results 
are  given  in  Table  II. 

The  first  tests  were  of  mortar,  as  mixed  by  the  bricklayers  ;  the  rest  were  of 
special  mixtures  of  3  of  sand  to  1  of  cement,  and  10  per  cent,  of  water  to  the  weight 
of  the  cement  and  sand.  The  cement  was  slow-setting,  the  final  set  talking  place 
in  from  5^  to  7  hours.     The  tests  were  made  28  days  after  moulding. 

Some  further  tests  to  elucidate  the  same  point  were  made  in  1902  by  Mr. 
C.  G.  Streels,  of  Sioux  City,  U.S.A.,  and  are  given  in  Table  III. 

Considerable  experience  in  reinforced  concrete  for  building  construction  has 
demonstrated  that  it  is  not  a  particularly  economical  material ;  its  special  claims 
he  rather  in  other  fields.  The  ordinary  building  fioor  of  steel  joists  and  concrete 
is  in  general  cheaper  ;  but  if  the  joists  are  fully  protected  against  fire  by  covering 
them  with  concrete  or  plaster  on  expanded  metal,  the  reinforced  concrete  floor  in 
which  all  the  metal  is  surrounded  by  concrete  will  be  found  as  cheap,  and  for 
heavy  loads  probably  cheaper.  For  walls  there  is  in  general  no  saving  in  first  cost, 
but  the  saving  in  space  and  the  power  to  resist  injury  from  shocks  and  vibrations  or 
rupture  from  bad  foundations  must  be  taken  into  account.  Reinforced  concrete 
is  specially  economical  when  used  for  warehouses  or  factories  where  the  walls  can 
be  formed  in  bays  with  columns  or  Untels. 
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TABLE  II. 

CoMPASATivB  Tensh-e  Stbenoths  IK  Lbs.  per  Squasb  Ikch 


Freshly  mixed 

Left  standing 

Knocked  up  every  10  Minutes 

After  1  hour 

After  2  hours 

After  1  hour 

After  2  hours 

185 
226 

186 
233 

180 
231 

186 
223 

170 
236 

After  21  hours 

After  3  hours 

After  2}  hours 

After  3  hours 

203 

203 

203 

196 

196 

After  3}  hours 

After  4  hours 

After  3|  hours 

After  4  hours 

158 

146                            101 

1G3 

168 

After  4)  hours 

j 
After  6  hours 

After  4|  hours 

After  5  hours 

200 

153 

113 

158 

120 

TABLE   III 

Results  op  Tests  made  in  1902  on  Effect  of  CoK^riNuotrs  Mixing  of 
Portland  Cement  Mobtabs  by  C.  G.  Stbbels,  Assistant  City  Engineeb, 
Sioux  City,  U.S.A. 

Sand  through  sieve  of  20  meshes  per  lin.  inch,  and  retained  on  sieve  with 
30  meshes  per  lin.  inch.  99  oz.  of  cement,  220  oz.  of  sand,  and  24  oz.  of  water» 
or  7'77  per  cent,  of  the  cement  and  sand. 


• 

Continuously  mixed  for                         Average  tensile  strpngth 

No.  of  briquettes. 

hrs. 

mms.                                            lbs.  per  sq.  incli. 

4 

0 

15                      . .                        294 

2 

0 

30                      . .                        278 

2 

0 

45                      . .                         282 

2 

1 

00                      . .                         243* 

o 

1 

25                      ..                         275 

2 

1 

55                      . .                         283 

2 

2 

25                      ..                         287* 

2 

2 

«55                      ..                         314 

2 

3 

25                      . .                        326* 

2 

3 

55                      . .                        372 

2 

4 

25                      . .                         334t 

o 

4 

55                      . .                         384 

2 

6 

25                      . .                         264 

2 

5 

55                      . .                         249 

2 

6 

25                       ..                         308* 

2 

7 

25                       . .                         217 

2 

8 

25                      . .                        255 

4 

8 

55                      . .                       236 

4 

8 

55                      . .                         220* 

2 

8 

55                      . .                         215* 

* 

2  oz.  water  added.             t  3  oz.  water  added. 

These  results  show  that  no  waste  of  concrete  need  occur. 
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Compared  with  timber- work  as  when  used  for  wharves  or  jetties,  reinforced 
concrete  is  of  course  the  more  expensive  material.  Against  this  must  be  placed  the 
fact  that  a  structure  of  reinforced  concrete  is  practically  everlasting,  whereas  had 
it  been  made  of  timber  its  life  would  be  only  of  short  duration. 

The  place  of  reinforced  concrete  as  a  building  material  may  be  well  represented 
by  drawing  two  circles  to  overlap  one  another,  one  representing  structural  iron  and 
steel  work  and  the  other  masonry.  The  area  formed  by  the  overlapping  of  the  two 
circles,  which  represents  the  common  province  of  these  two  forms  of  construction, 
and  where  they  may  be  used  in  combination,  is  the  special  field  of  reinforced 
concrete.  Within  this  area  it  will  be  cheaper  than  steel  or  iron  by  reason  of  the 
simplicity  of  construction  and  cheapness  of  materials,  and  more  economical  than 
masonry  by  reason  of  its  comparative  smallness  of  weight  and  quantity ;  while 
outside  it  is  unable  to  compete  with  iron  and  steelwork  by  reason  of  its  weight,  or 
with  ordinary  masonry  by  reason  of  the  cost  of  construction. 

The  Construction  of  Reinforced  Concrete  mainly  in  the  Hands  of  a  Few 
Firms. — Reinforced  concrete  construction  is  at  present  mainly  in  the  hands  of  the 
patentees  of  the  different  systems,  and  of  firms  who  have  patented  some  detail  of  con- 
struction and  make  a  speciaUty  of  this  kind  of  work.  It  appears  at  first  sight  diflScult 
to  design  and  carry  out  a  structure  of  this  nature  without  infringing  some  of  the  many 
patents.  It  will  be  found,  however,  that  the  really  vaUd  patents  are,  generally  speak- 
ing, those  for  some  small  detail,  and  that  the  main  principles  are  not  patented,  and  in 
fact  are  unpatentable.  There  are  many  ways  of  embedding  iron  or  steel  in  concrete 
to  obtain  the  results  required,  and  if  one  form  is  patented,  and  the  patent  is  valid, 
there  are  other  forms  which  could  be  used  just  as  well. 

It  will  be  found  that  the  principal  firms  who  carry  out  this  form  of  construction 
do  not  rely  so  much  on  their  patent  systems  for  bringing  them  business,  as  upon  the 
fact  that  they  thoroughly  understand  the  work,  and  have  in  their  employ  men  who 
have  become  thoroughly  accustomed  to  use  the  care  and  forethought  which  are 
undoubtedly  required.  They  also  know  how  to  use  their  materials  to  the  best 
advantage,  and  having  given  special  attention  to  the  study  of  this  form  of  con- 
struction, they  are  able  to  do  the  work  better,  and  cheaper,  than  others  who  are  not 
so  intimate  with  it. 

At  first  sight  it  may  seem  a  disadvantage  that  the  construction  in  reinforced 
concrete  and  masonry  should  be  in  a  great  measure  in  the  hands  of  a  few  firms. 
We  must  remember,  however,  that  the  bringing  of  reinforced  concrete  and 
masonry  into  general  use  is  mainly,  if  not  entirely,  due  to  the  men  who  have 
studied  the  subject  more  or  less  thoroughly,  and  who  in  consequence  brought 
out  the  several  systems. 

It  is  advisable  in  many  ways  that  the  firms  constructing  in  these  materials 
should,  at  present,  be  employed  to  do  any  work  of  this  kind,  as  they  thoroughly 
understand  the  methods  and  have  suitable  men  in  their  employ.  If  work  of  this 
character  is  undertaken  by  those  not  well  accustomed  to  its  special  requirements, 
they  will  probably  find  that  it  will  cost  more  than  if  done  by  a  good  firm  who  make 
a  speciaUty  of  the  work,  and  they  will  also  find  that  men  must  be  trained  to  use  the 
special  care  which  is  necessary  in  the  erection  of  reinforced  concrete  or  masonry 
structures,  and  that  although  ordinary  labourers  with  good  supervision  are  certainly 
all  that  are  required,  it  will  still  take  some  time  to  bring  an  ordinary  navvy  to  under- 
stand that  the  concreting  he  is  employed  upon  must  be  treated  in  a  very  different 
manner  to  that  he  has  been  accustomed  to.     Even  when  reinforced  concrete  has 
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come  into  general  use,  it  will  probably  be  found  advisable  to  employ  some  recog- 
nized firm  which  is  accustomed  to  the  work,  when  a  structure  of  this  material 
is  to  be  erected. 

Accidents. — It  cannot  be  denied  that  accidents  have  happened  with  structures 
of  reinforced  concrete  ;  a  notable  instance  being  the  fall  of  the  footbridge  over 
the  Avenue  de  SufiEren,  for  the  Paris  Exhibition,  causing  the  death  of  eight  persons 
and  the  injury  of  eight  others. 

This  bridge  was  completed  and  the  centring  removed,  but  before  it  was  opened 
for  traffic  it  fell  with  no  load  but  its  own  weight.  The  failure  wcis  attributed  at  the 
official  inquiry  mainly  to  two  causes — 

1.  The  weakness  of  the  columns,  most  of  which  were  only  11«8  inches  square, 
and  several  of  which  were  frequently  struck  by  carriages  passing  along  the  roadway. 

2.  The  bridge,  though  originally  designed  to  be  straight  throughout,  had 
subsequently  to  have  the  side  spans  placed  on  the  skew  to  avoid  certain  trees ; 
the  oblique  stresses  caused  by  this  alteration  were  not  provided  against,  the 
structure  being  erected  as  at  first  designed. 

The  columns  were  stated  to  have  been  originally  designed  16  inches  square, 
whereas  all  but  four  were  constructed  11-8  inches  square.  It  also  appeared  that 
a  letter  was  written  the  day  before  the  accident  by  the  designer,  pointing  out  that 
the  columns  were  too  weak,  as  the  reinforcement  was  not  exactly  as  designed,  and 
had  not  been  inserted  in  a  satisfactory  manner,  and  that  unless  they  were  strengthened 
he  could  not  be  responsible  for  their  safety.  It  seems  probable,  therefore,  that  this 
accident  was  mainly  caused  by  carelessness  in  the  workmanship,  due  to  the  urgency 
for  speed  in  completion. 

The  failure  of  the  Madrid  Reservoir  ^  is  probably  the  worst  accident  that  has 
occurred  with  this  form  of  construction.  The  reservoir  was  a  covered  structure 
to  contain  about  33,000,000  gallons,  and  was  1,168  feet  by  710  feet  in  plan 
divided  into  four  compartments,  and  built  entirely  of  reinforced  concrete.  There 
were  3,080  columns  28^  feet  high  and  9-85  inches  square,  connected  at  the  top  by 
parallel  rows  of  very  light  beams  which  carried  flat  segmental  arches.  The  columns 
were  supported  on  reinforced  concrete  bases  into  which  they  penetrated  3  inches, 
the  four  rods  on  the  column  resting  on  two  flat  bars  embedded  in  the  base.  The 
arches  were  2  inches  thick,  with  a  clear  span  of  19  ft.  8  in.  Part  of  the  work 
was  being  constructed  by  private  contract  and  part  by  the  Government  and  was 
very  nearly  completed,  when  the  roof  collapsed  upon  the  workmen  below,  kiUing 
30  and  injuring  about  60  others. 

At  the  time  of  the  accident  one  compartment  was  completed,  two  others  were 
about  half  covered,  and  one  was  not  commenced. 

The  failure  occurred  in  the  completed  compartment  which  had  been  tested  on  a 
width  of  13*12  feet,  with  a  load  of  sand  about  2-62  feet  deep,  on  the  previous  day. 

The  collapse  appeared  to  have  been  due  to  a  row  of  arches  rising  at  their  crowns, 
the  supporting  colunms  faUing  inwards. 

One  explanation  given  for  the  accident  is  that  with  the  official  test  (now  con- 
sidered far  too  heavy)  some  arch  or  arches  sank  at  the  crown,  causing  the  adjoin- 
ing ones  to  rise  and  the  columns  to  deviate  from  the  perpendicular. 

There  are  several  noteworthy  particulars  which  may  have  lead  to  the  accident 
in  conjunction  with  the  above. 

*  Engineering  Record,  July  22,  1906. 
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The  columns  had  very  small  section  area  compared  to  their  height.  The 
least  diameter  being  only  about  ^^^rz  ^^  ^^^  height. 

The  absence  of  any  attachment  to  the  floor  of  the  reservoir. 

The  complete  absence  of  any  tie  in  either  direction  except  the  beams  carrying 
the  arches. 

None  of  the  spaces  between  the  columns  being  filled  in  to  form  abutments. 

The  effect  of  temperature  on  such  a  form  of  roof  construction  where  the  beams 
are  continuous  for  584,  and  the  arches  for  710  feet. 

A  large  percentage  of  the  accidents  which  have  occurred  with  this  form  of 
construction  have  been  due  to  the  premature  striking  of  the  falsework.  The  cause 
of  some  has  been  traced  to  the  use  of  improper  materials,  and  others  to  insufficient 
rigidity  of  the  falsework,  or  to  the  concrete  having  been  subjected  to  vibrations 
while  setting.  It  has  seldom  happened  that  a  failure  has  been  due  to  the  inherent 
weakness  of  the  structure. 

It  cannot  be  too  strongly  insisted  on  that  proper  care  must  be  exercised  in  the 
workmanship  and  selection  of  materials,  but  there  is  no  necessity  to  condemn  the 
use  of  reinforced  concrete  on  this  account,and  the  multitude  of  satisfactory  structures 
that  have  been  erected  sufficiently  proves  its  utility  and  economy. 

Acceptance  Tests. — ^Acceptance  tests  should  never  be  so  severe  as  to  endanger 
the  structure  tested.  A  moderate  test  loading,  not  more  than  the  maximum  load 
for  which  the  structure  has  been  designed,  should  be  employed  and  the  deflection 
carefully  taken.  The  tables  (pp.  251  and  266)  will  give  some  idea  as  to  what 
deflections  may  be  expected. 

It  must  be  remembered  that  in  a  reinforced  concrete  structure,  unlike  one 
of  steel,  the  resistance  increases  with  the  age  up  to  periods  of  3  years  or  more,  and 
that  it  is  unfair  to  the  materials  to  strain  them  severely  during  the  initial  stages 
of  the  hardening  of  the  concrete. 

No  test  loading  should  be  attempted  until  the  structure  has  been  completed 
for  three  months,  nor  should  the  full  loading  come  upon  it  until  after  this  period. 

Cases  have  been  known  where  as  much  as  six  times  the  working  load  has  been 
demanded  in  testing  large  floor  areas.  Such  requirements  must  either  considerably 
weaken  the  structure,  the  extent  of  the  overstraining  being  probably  never  known^ 
but  naturally  reducing  the  factor  of  safety  to  a  considerable  extent ;  or  the  work 
must  be  designed  much  too  strong  for  the  purpose  for  which  it  is  required  with 
the  accompanying  loss  of  economy. 

A  structure  properly  designed  and  erected  will,  after  three  months,  bear  the 
maximum  load  for  which  it  was  calculated  with  very  small  deflection,  and  this 
deflection  will  practically  disappear  on  the  removal  of  the  load.  A  test  of  this 
description  is  quite  sufficiently  severe  for  acceptance  purposes,  especially  when 
we  know  that  the  resistance  must  increase  with  the  age  of  the  concrete. 
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SYSTEMS  EMPLOYED 

General   Remarks 

Before  commencing  the  description  of  the  various  systems,  it  may  be  advisable 
to  brieifly  point  out  the  various  types  of  reinforcement  that  are  used,  and  the  reasons 
for  their  adoption.  This  treatment  of  the  subject  will  be  very  general,  and  deal 
with  columns,  beams,  arches  and  pipes  only,  since  most  of  the  details  of  construc- 
tion are  related  to  one  or  the  other. 


Fro. 


Fio.  8 


Columns, — ^These  are  usually  reinforced  with  longitudinal  bars  tied  together 
at  intervals  by  wire  or  flat  iron  cross-pieces.  Recently,  however,  the  advantage 
of  adding  a  spirally  wound  hooping  to  prevent  the  swelling  of  the  concrete  has 
been  demonstrated  by  M.  Consid^re  and  others,  and  such  a  reinforcement  has 
been  practically  employed  with  good  results. 

Beams} — As  a  general  rule  it  is  found  that  the  concrete  is  sufficient  to  resist 
the  compressive  stresses,  and  we  have  therefore  to  supply  the  reinforcements  to 
resist  the  tensile  stresses  only.  In  the  case  of  a  freely  supported  beam,  the  rein- 
forcements are  consequently  placed  as  shown  in  Fig.  7.  Or,  since  the  curve  of 
bending  moments  is  paraboUc  under  a  uniformly  distributed  load,  they  may  be 
placed  as  in  Fig.  8,  a  disposition  which  increases  the  efficiency.  It  will  be  noticed, 
however,  that  if  the  reinforcement  is  placed  as  shown  in  Fig.  8,  the  bottom  of  the 
beam  may  take  a  similar  curve  to  that  of  the  beam  in  Fig.  9.     If  the  compressive 
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stresses  are  considered  too  great  for  the  concrete,  straight  reinforcements  are  added 
along  the  top  of  the  beam. 

When  we  come  to  consider  the  case  of  a  built-in  beam,  we  find  it  more  com- 
plicated. There  is  a  bending  moment  at  the  supports  in  the  opposite  direction  to 
that  at  the  centre  of  the  span.  A  reinforcement  must  therefore  be  placed  on 
the  upper  surface  over  the  supports  extending  some  distance  towards  the  centre 
of  the  span,  as  well  as  the  reinforcement  at  the  bottom  of  the  beam. 

The  straight  bottom  reinforcement  of  Fig.  7  is  consequently  retained,  and  two 

^  M.  Christophe  employs  a  similar  method  of  general  U'eatment  for  beams  and  arches  in 
his  book,  Le  Biton  ArmL 
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short  upper  reinforcements  added,  as  shown  in  Fig.  10.    The  upper  reinforcement 
is  sometimes  continued  across  the  span,  serving,  at  the  centre,  to  resist  any  excess 


Fig.   10 
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of  compression  which  cannot  be  safely  taken  up  by  the  concrete  ;  in  the  same  manner 
the  bottom  rod  will  resist  this  excess  near  the  supports.     This  method  is  shown 

in  Fig.  11. 

A  further  method  of  resisting  the  stresses  in  a  built-in  beam  is  to  employ  one 
series  of  reinforcements,  bsnt  as  shown  in  Fig.  12,  so  as  to  follow  the  path  of  the 
tensile  stresses  ;   but  in  this  case  there  is  severe  compressive  stress  on  the  bottom 
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of  the  beam  near  the  supports  due  to  building-in,  and  it  is  advisable  to  form  the 
ends  of  the  beam  in  the  manner  shown  in  Fig.  13,  so  as  to  gain  extra  resistance  ty 
increasing  the  area  of  the  concrete  in  compression. 

A  series  of  bottom  straight  rods  are  frequently  added,  extending  through  the 
whole  length  of  the  beam,  as  shown  in  Fig.  14.  These  will  increase  the  tensile  resist- 
ance at  the  centre  of  the  span,  and  the  compressive  resistance  near  the  supports. 
If  further  tensile  resistance  is  required  at  the  top  near  and  over  the  supports,  some 
constructors  add  the  short  reinforcements  shown  in  Fig.  10  to  the  arrangement 
of  Fig.  14,  or,  when  there  are  several  spans,  the  ends  of  the  bent-up  rods  are  made 
to  overlap,  which  produces  the  same  result. 
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If  the  concrete  at  the  centre  of  the  span  has  not  sufficient  area  in  compression 
to  resist  the  stresses,  a  series  of  straight  rods  are  added,  extending  completely  across 
the  span  as  shown  in  Fig.  16. 

Arches. — These  may  have  either  a  curved  or  flat  extrados,  but  both  types  may 
be  considered  together.  The  most  simple  method  employed  to  reinforce  an  arch 
is  to  place  a  reinforcement  near  the  intrados  throughout  the  whole  span.  The 
stresses  in  an  arch  are  mostly  compressive,  and  the  greatest  tendency  to  tension 
is  at  the  intrados  at  the  crown  or  at  the  haunches  under  a  uniformly  distributed 
or  moving  load.     Such  a  reinforcement  is  shown  in  Fig.  16. 

The  failure  of  an  arch  is  first  indicated  by  cracks  in  the  intrados  at  the  crown, 
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and  in  the  extrados  near  the  springing ;  the  single  reinforcement  of  Fig.  16  is 
therefore  frequently  considered  insufficient,  and  reinforcements  are  added  at  the 
springings  as  shown  in  Pig.  17,  or,  for  greater  security,  since  it  is  difficult  to  decide 


Fig.  16 
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on  the  length  of  these  extrados  reinforcements,  these  upper  bars  are  continued 
throughout  the  whole  span,  as  in  Fig.  18.  This  form  of  reinforcement  is  rendered 
the  more  necessary  on  account  of  the  tensile  stress  produced  at  the  extrados  under 
changes  of  temperature. 


Fig.  18 


Fig.  19 


A  further  method  adopted  is  to  retain  the  bottom  reinforcements  through- 
out, and  incline  the  upper  reinforcements  shown  in  Fig.  17,  so  as  to  be  near  the 
extrados  at  the  springing,  as  shown  in  Fig.  19. 

When  this  form  is  combined  with  a  series  of  reinforcements  extending  through- 
out the  whole  length  of  the  extrados,  we  have  a  complete  reinforcement  which  will 
resist  any  stresses  which  may  be  induced.     The  combination  is  shown  in  Fig.  20. 


Pig.  20 
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The  types  of  beam  and  arch  reinforcements  (Figs.  7  to  20)  which  are  repro- 
duced from  M.  Christophe's  Beton  Arme,  show  the  general  methods  adopted  by  the 
various  systems,  and  will  be  recognized  when  we  come  to  describe  the  various  forms 
of  construction  in  detail.  In  beams  there  are  also  shearing  stresses  to  be  resisted, 
and  consequently  various  methods  of  transverse  reinforcement  are  employed,  either 
vertically  or  inclined,  or  both  combined.  In  most  cases  it  is  advisable  to  rigidly 
attach  the  shearing  to  the  longitudinal  reinforcements.  The  shearing  bars  should 
always  be  carried  up  to  within  a  short  distance  of  the  compression  surface,  and  if 
possible  secured  to  a  reinforcement  or  bent  over  to  obtain  a  good  hold.  The  bent 
reinforcements  also  assist  in  taking  up  the  shearing  stresses,  and  in  the  case  of 
a  uniformly  distributed  load  those  shown  in  Figs.  8  and  9  resist  them  entirely. 
The  shearing  stresses  are  very  sUght  in  arches,  except  under  the  columns  or  wails  of 
spandril  arches,  consequently  special  shearing  reinforcements  are  seldom  required. 
Many  constructors,  however,  place  transverse  reinforcements  in  the  vertical  plsne 
near  the  springings  as  a  precautionary  measure.  In  any  case  it  is  advisable  to 
tie  the  main  reinforcements  of  arches  securely  together,  for  the  better  resistance 
to  the  swelling  of  the  concrete  under  compression. 

Pipes  and  Circvlar  Beservoirs. — These  are  reinforced  with  hoops  or  spiral 
windings  of  metal,  together  with  longitudinal  distribution  bars,  placed  internally 
or  externally,  according  to  the  direction  of  the  pressure. 

It  will  be  impossible  to  describe  all  the  different  types  of  construction  adopted 
hy  every  system  ;  but  it  is  hoped  that  by  giving  a  short  account  of  the  leading 
features  of  some  of  the  best  known,  a  fair  idea  may  be  obtained  of  the  general  scope. 

The  American  Concrete-Steel  Company's  System 

The  American  Concrete-Steel  Company  of  Newark,  N.J.,  U.S.A.,  construct 
floors  in  various  manners  to  suit  different  requirements. 

Fig  21  shows  the  method  adopted  for  spans  from  6  to  16  feet ;  rolled  joists 
are  used  as  beams,  the  floor  slab  being  reinforced  by  t«nsion  bars  which  pass  through 
the  beams  and  are  secured  to  them  by  nuts,  the  tension  bars  being  braced  by  small 
•diameter  diagonal  rods.      When  ceiling  slabs  are  required  they  are  reinforced  by 
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small  steel  channels  supported  by  clips  from  the  lower  flanges  of  the  joists  aad 


by  suspenders  from  the  tensi 

Small  T  bars  are  someti 

on  the  top  flange  of  the  joi 


on  bars  of  the  floor  slab. 
imea  employed  in  place  of  the  bars,  being  supported 


Similar  methods  are  employed  in  the  construction  of  roof  slabs. 

A  further  method  used  by  the  American  Concrete-Steel  Company  consists 
of  longitudinal  IJ  x  ^  inch  T  bars  spaced  3  feet  apart  spanning  the  distance  between 
the  roiled  joist,  with  transverse  rods  J  inch  diameter. 


Fig.  22,  shows  a  floor  where  rolled  joists  are  employed  for  the  principal  beams 
and  reinforced  concrete  for  the  secondary  beams,  J  inch  rods  being  used  for  the 
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slab  reinforcements.     The  secondary  beams  used  in  this  method  are  sometimes 
reinforced  with  T  bars  in  place  of  rods. 

Fig.  23  shows  a  floor  and  columns  formed  entirely  of  reinforced  concrete. 

Bonna  System 

This  system  was  introduced  by  M.  Bonna  of  78,  Rue  d'Anjou,  Paris,  in  1893, 
and  is  perhaps  best  known  on  account  of  the  manufacture  of  pipes,  of  which  a 
speciaUty  is  made.  One  of  the  distinctive  features  of  M.  Bonna's  system  is  the 
use  of  special  steel  sections  in  the  form  of  a  Latin  cross.  These  are  employed  in 
all  the  forms  of  construction,  and  have  an  increased  resistance  due  to  the  small- 
ness  of  the  sections  and  the  rolling.     Fig.  24  shows  the  sizes  generally  used.    M^ 
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Bonna  also  uses  ordinary  angles  and  tees  and  has  also  adopted  a  double-cross 
section  Uke  a  small  rolled  joist,  with  its  web  produced  through  the  flanges  in  both 
directions.  All  the  reinforcements  for  a  building  are  built  up  before  the  concrete 
is  deposited,  being  secured  by  a  few  bolts.  Fig.  25  shows  the  usual  method  of 
beam  reinforcement.  The  main  bars  of  the  cross  type  are  connected  by  vertical 
braces  of  double  flat  bars.  They  are  also  tied  together,  as  shown,  by  horizontal 
transverse  flat  bars  notched  out  to  receive  the  short  ends  of  the  cross 
sections.  When  the  double-cross  sections  are  used,  the  vertical  ties 
are  of  course  omitted. 

All  the  reinforcements  of  the  various  elements  (primajy  and  second- 
ary beams,  columns  and  supports)  are  secured  together.    The  columns 
are  reinforced  by  profile  bars  tied  together  by  horizontal  flats  secured 
to  the  main  bars  by  bolts  or  rivets.     The  reinforcements,  being  thus  all 
I        jj        tied  together,  serve  to  support  the  falsework,  men  and  materials  dur- 
4  3    dp     ing  construction. 

JIL     4l  The  floors  are  usually  reinforced  in  the  same  manner  as  the  beams 

with  cross-shaped  bars  at  the  top  and  bottom  secured  together  by 
verticals  of  flat  iron,  and  held  transversely  by  upright  notched  flat 
bars  extending  across  the  whole  width  of  the  slab. 

The  Pipes  and  Beservoirs  constructed  by  M.  Bonna  are  reinforced  with  spiral 
or  circular  hooping,  the  spiral  form  being  always  employed  when  the  cross-shaped 
reinforcements  are  sufficiently  small.  Against  the  hooping  are  placed  longitudinal 
distribution  rods,  which  are  notched  out  to  receive  the  hoop  bars.  Either  one 
or  two  series  of  reinforcements  are  employed,  according  to  the  size  of  the  pipes 
and  the  pressure  upon  them.  When  pressures  of  more  than  60  feet  head  are  to 
be  resisted,  a  sheet  steel  tube  is  embedded  in  the  concrete  to  ensure  impermear 
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bility,  or  eometimee  this  tube  ia  placed  in  the  inside  of  the  pipe.  Fig.  26  shows 
a  eimple  spirally  woond  pipe  reinforcement. 

The  methods  of  construction  of  the  pipes  and  reservoirs  are  more  completely 
dealt  with  when  treating  of  "Practical  Construction"  (pp.  177  to  181,  and  202 
to  206). 

A  mixture  of  quick  and  slow  setting  cement  is 
used  for  the  concrete  of  the  pipes  and  reservoirs. 

Straight  and  arched  bridges  are  also  constructed 
in  this  system. 

Among  the  works  carried  out  by  M.  Bonna  the 
following  may  be  mentioned. 

The  Pipes  carrying  the  aewage  of  Paris  through  the 
Argenteuil  Gallery  and  the  distribution  system  of  the 
Acheres  Sewage  Farm. — The  pipes  through  the  gallery 
were  5-91  feet  in  diameter,  and  were  constructed 
with  a  steel  tube  lining.    The  length  of  this  pipe  line  F'°-  2ft 

was    1,640  yards.       The    distribution    pipes    for  the 

Acheres  Sewage  Farm  were  of  diameters  varying  from  16-75  inches  to  43-3  inches. 
They  were  formed  with  a  tube  of  sheet  steel  embedded  in  the  centre  of  the 
thickness  of  the  shell.  The  head  on  these  pipes  was  131-2  feet,  a&d  their  total 
length  was  nearly  25  miles. 

The  distribution  systems  of  Miry,  Pierrelaye  and  Triel  {districts  of  Paris). — The 
pipes  are  of  diameters  varying  between  11'81  and  43-3  inches,  and  some  of  6>S6  feet 
diameter.  The  total  length  of  these  branches  is  74-6  miles.  M.  Bonna  completed 
this  work  in  the  extraordinarily  short  time  of  eight  months,  the  mean  progress 
being  547  yards  a  day. 

The  works  of  the  Cie.  Centrale  dea  Bmeria  et  Produits  A  Polir,  situated  in  the 
Boulevard  Serurter,  Paris. — A  bailding  492  feet  long  and  66  feet  wide,  with  ground 
floor,  one  floor  above,  and  a  pitched  roof,  the  whole  being  of  reinforced  concrete. 

Worhshop  for  MM.  Saidter-Harli  el  Cie.,  35,  Rue  de  la  Fidiration. — Two  galleries 
run  round  this  building,  being  supported  on  columns.  A  travelling  overhead  crane 
works  at  the  level  of  the  first  gallery,  the  rails  being  carried  on  cantilevers  projecting 
from  the  beams  supporting  the  front  of  the  gallery.  The  whole  building  was 
constructed  of  reinforced  concrete. 

Arched  Bridge  over  the  Canal  du  Midi,  at  Toulouse. — This  bridge  is  formed  of 
six  arched  ribs  48-2  feet  span,  and  4-33  feet  rise,  the  width  of  the  ribs  being  9-84 
inches,  and  the  thickness  at  the  crown,  including  the  decking,  being  2  feet.  The 
total  width  of  the  bridge  is  26]  feet,  but  the  two  footways,  3-28  feet  wide,  are  sup- 
ported on  corbels  projecting  from  the  outer  arched  ribs.  The  ribs  are  formed 
with  open  spandrels  towards  the  abutments.  They  are  reinforced  with  profile 
bars  and  vertical  bracing  similar  to  those  described  for  beams.  The  piers  between 
the  openings  in  the  spandreb  are  also  reinforced  as  columns.  The  decking  and  foot^ 
ways  have  round  rod  reinforcements  placed  longitudinally  and  transversely,  in 
the  manner  of  a  Monier  network. 

A  considerable  length  of  pipe  lines  of  various  diameters  for  the  water  supply  of 
Brussels  has  also  been  constructed  on  this  system. 

M,  Bonna  established  a  branch  in  London  at  37,  King  William  Street,  £.C., 
in  1905. 
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Bordenave  Sjrstem^ 

In  1887  M.  Bordenave,  of  28,  Rue  de  Lyon,  Paris,  brought  out  his  system 
which  is  confined  to  the  construction  of  pipes,  sewers  and  reservoirs. 

Special  small  I-sections  of  steel  are  employed  for  the  reinforcements,  together 
with  round  rods  for  secondary  reinforcements,  and  for  the  floors  and  covers  to 
reservoirs. 

Fig.  27  gives  the  sizes,  weights  per  lineal  foot  and  safe  resistance  of  the  special 
I  sections.    The  small  size  of  these  sections  causes  them  to  gain  a  considerable 
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increase  of  resistance  from  the  rolling.  The  booping  of  pipes  is  wound  spiraUy, 
the  distribution  bars  resting  against  the  spirals  and  being  tied  to  them  with  wire 
ties.  M.  Bordenave  uses  quick  setting  cement  for  all  his  works.  A  full  descrip- 
tion of  the  methods  of  construction  of  pipes  and  reservoirs  is  given  when  treat- 
ing of  "  Practical  Construction  "  (pp.  177  and  202). 

Amongst  the  pipe  lines  constructed  by  M.  Bordenave,  the  Conduit  of  Bone 
{Algeria)  may  be  mentioned.  The  pipes  for  this  conduit  are  23*6  inches  diameter, 
and  are  under  a  head  of  from  66  to  79  feet.     The  total  length  is  about  18 J  miles. 


^  M.  Bordenave  died  in  January  1005,  and  has  left  no  one  to  continue  his  method  of 
construction. 
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Boussiron  et  Garric  System 

The  syBtem  patented  by  MM.  Boussiron  et  Garric,  of  16,  Rue  Milton,  Piiris, 
a  used  for  entire  buildings,  also  for  reservoirs,  aqueducts,  arches,  etc. 

For  floors  of  small  span,  a  simple  slab  is  employed  with  no  supporting  beams. 
If  this  is  merely  supported  on  the  edges  it  is  reinforced  with  a  series  of  rods  running 
from  wall  to  wall  about  an  inch  from  the  lower  surface.  If  the  slab  is  built  in, 
every  other  rod  is  bent  up  near  the  supports.  When  the  slab  has  to  bear  con- 
centrated loads,  a  further 
series  of  rods  is  added  running 
perpendicularly  to  the  former. 
This  arrangement  is  shown 
in  Pig.  28,  When  the  spans 
are  great  the  floors  are  con- 
structed with  main  andsecond-  ^^^  ^g 
ary    beams,     either    with  or 

without  a  ceiling  slab.  The  conBtruction  is  of  the  monolithic  type,  in  which  the 
beams  and  floor  slabs  are  formed  together. 

The  floor  slabs  are  reinforced  in  the  same  manner  as  described  above  for  floors 
which  may  have  to  bear  concentrated  loads,  and  as  shown  in  Fig.  28. 

The  beams,  if  freely  supported,  are  reinforced  with  two  or  more  longitudinal 
rods  near  the  bottom,  and  hoop-iron  V-shaped  stirrups  arranged  as  shown  in  Fig. 
29,  passing  under  the  longitudinals  and  turning  inwards  near  the  upper  surface  of 
the  concrete.  The  stirrups  are  placed  further  and  further  apart  from  the  supports 
towards  the  centre  of  the  span.     If 

the  beams  are  built  in,  rods  are  also  , 

placed  near  the  top  surface  extend-  ^^  ^V'  "■\'' 

ing  for  about  one-fifth  of  the  span  ^^M  - — y^'- -v^' ., 

from  the  supports,  being   anchored  Pjq_  39       ' 

back  to  the  walls,    and    extending 

into  the  adjoining  slab  at  intermediate  supports.  Hoop-iron  stirrups  are  also 
inserted  in  the  same  manner  as  for  freely  supported  beams.  This  arrangement 
is  shown  in  Fig.  30.  The  upper  reinforcements  are  bent  at  the  walls  into  the 
shape  of  a  U  in  plan,  the  two  branches  forming  the  projecting  rods,  and  the  curved 
portion  receiving  the  anchor  rod.  When  the  floors  are  formed  with  hidden 
beams  and  a  ceiling,  the  longitudinal  rods  of  the  lower  slab  are  bent  round  the 


lower  rods  of  the  beams,  as  shown  in  Fig.  31.  The  ceilmg  slab  has  also  a  further 
reinforcement  of  rods  perpendicular  to  those  shown  in  the  figure.  When  rectan- 
gular, beams  are  used  without  a  floor  slab,  they  axe  reinforced  in  the  same 
manner  as  the  floor  beams. 
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Columns  are  reinforced  with  four  vertical  rods  tied  together  by  wire  loops, 
as  shown  in  Fig.  32. 

Elevated  Circular  Reservoirs  are  formed  with  a  series  of  hooped  circular  rein- 
forcements, formed  in  two  halves  overlapping  at  the  joints.  These  are  placed  at  the 
centre  of  the  thickness  of  the  shell.  Inside  the  hoops,  and  bearing  against  them, 
are  a  series  of  vertical  distribution  rods.     The  bottoms  of  the  reservoirs  are  usually 


formed  flat,  in  a  similar  manner  to  that  already  described  for  floors.  At  other 
times  they  are  spherical,  with  a  rise  at  the  centre,  in  which  case  hoops  of  flat  bais 
are  placed  at  the  bottom  of  the  walls  to  take  the  thrust. 

In  this  system  the  calculations  are  made  allowing  for  the  differences  of  the 
coefficients  of  elasticity  of  the  two  materials,  and  for  pieces  subjected  to  bending 
the  stress  strain  curve  of  the  concrete  in  compression  is  considered  to  be  a  straight 
line.     The  tensile  resistance  of  the  concrete  is  neglected. 


Chaudy  System 
This  system  is  employed  by  the  Soci^t^  des  Travaux  en  Ciment  de  la  Plaine- 
Saint-Denis,  15,  Rue  du  Louvre,  Paris,  who  also  use  the  Monier  system  for  their 
constructions. 

In  his  calculations  M.  Chaudy  considers  his  reinforced  concrete  beams  as  consiBt- 
ing  of  two  metaUic  members,  and  neglects  the  concrete,  except  for  tying  the  members 
together  and  resisting  the  compressive  stresses  due  to  shearing.  His  reinforce- 
.^^^^^^^^^^^—      ments    are    consequently   always    symmetrical.      M, 
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Chaudy  also  connects  the  two  rods  of  his  elementary 

z beam  by  a  stirrup  of  round  iron,  which  he  bends  over 

the  top  rod  so  as  to  tie  the  upper  and  lower  reinforce- 
ments together ;  he  does  not  use  a  stirrup  open  at  the 
top,  since  he  is  of  the  opinion  that  it  is  essential  to 
form  a  rigid  connexion  between  the  two  members. 
Fig.  33  shows  an  elementary  beam  with  the  stirrup, 
which  is  bent,  as  shown  on  the  left,  so  as  to  prevent 
any  sUding  through  the  concrete. 

In  most  cases  it  is  necessary  to  have  several 
upper  and  lower  rods.  In  this  case  the  rods  are  placed 
side  by  side  at  the  top  and  bottom,  and  the  whole  series 
are  embraced  by  a  hooping  of  flat  iron,  as  shown  (Fig.  34).  These  hoops  are  made 
in  advance,  being  joined  by  a  cover  plate  and  bolts,  as  shown.  The  rods  are  tied 
to  the  hoops  at  their  proper  spacing  by  wire  ties,  so  as  to  hold  all  the  reinforce- 
ments in  position  during  the  execution  of  the  work.  The  distance  apart  of  the- 
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hoops  is  calculated,  so  that  if  the  reinforcements  were  stripped  of  concrete  the 
top  rods  would  not  bend  under  the  direct  compressive  stress  upon  them.    M.  Chaudy 
also  uses  a  beam  reinforcement  consisting  of  angle  irons  back  to  back  for  the  top 
and  bottom  members,  these  being 
connected    by    vertical  flat  bars 
secured  by  rivets,  as  shown  (Fig. 
35),  but  he  prefers  the  reinforce- 
ments of  round  iron,  as  there  is 
no  loss  of  metal   due   to    rivet 
holes. 

Floors  are  considered  as  a 
series  of  beams  connected  to  one 
another.  They  are  reinforced 
either  with  two  or  one  series  of 

rods,  held  together  transversely  by  rods  bent  in  the  form  of  a  ra^k,  which,  besides 
their  office  as  reinforcements,  form  an  excellent  gauge  for  the  proper  spacing  of  the 
rods.  Fig.  36  shows  a  floor  with  a  double  series  of  rods,  and  Fig.  37  is  a  view  of 
a  slab  with  one  set  of  rods  near  the  lower  surface.  The  racks  are  made  before  the 
rods  are  sent  to  the  work.  When  a  floor  has  several  bays,  the  reinforcements  are 
overlapped  across  the  beams ;  and  since  M.  Chaudy  is  of  the  opinion  that  a  con- 
siderable length  of  overlap  is  necessary  to  ensure  proper  continuity,  he  bends  the 


'W47 


UU 

Fio.  34 


JL 


Fio.  36 


Fio.  36 


Fio.  37 


rods  up  or  down,  as  shown  (Fig.  38),  thus  giving  them  sufficient  hold  in  the  con- 
crete without  a  great  length  of  overlap. 

Columns  are  reinforced  with  vertical  rods  tied  together  with  hooping  similar 
to  that  shown  in  Fig.  34. 

WaUs  are  formed  in  the  same  manner  as  slabs,  having  one  or  two  series  of 
vertical  rods,  according  as  to  whether  the  pressure  may  act  from  one  or  both  sides. 
These  are  held  in  position  by  longitudinal  rods  in  the  form  of  racks,  similar  to  those 
shown  (Figs.  36  and  37). 


1 
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Fig.  38 
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Sometimes  the  racks,  instead  of  being  bent  at  right  angles,  are  formed  with  a 
slightly  acute  angle  like  that  of  the  stuir  reinforcement  shown  (Fig.  39).  This 
illustration  requires  no  further  description,  the  arrangement  being  clearly  indicated 
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in  the  figure.  Sometimea  stairways  are  formed  with  a  slab  UDdemeath,  carrying 
the  steps.  In  this  case  the  slab  ie  reinforced  with  bent  rods  following  the  steps,  and 
a  cross  rod  in  each  bend  ;    the  steps  being  formed  of  plain  concrete. 

The  Soci6t6  des  Travauz  en  Ciment  de  la  Plaine-Saint-Denis  have  carried  out 
a  considerable  quantity  of  work  in  reinforced  concrete,  including  floors,  stairways, 
aqueducts,  reservoirs,  and  large  wine  tanks,  etc.  For  large  reservoirs  they  use 
I,  T,  and  L  iron  reinforcements. 

The  falsework  is  partially  supported  by  the  reinforcements,  and  a  saving  in 
the  cost  of  construction  ia  thereby  obtained.  The  proper  spacing  of  the  reinforce- 
ments is  always  ensured,  and  they  are  all  securely  held  in  position  during  the  deposi- 
tion and  ramming  of  the  concrete.  This  is  a  distinct  advantage,  as  it  guards  against 
any  want  of  care  in  the  execution  of  the  work. 


The  Clinton  System 

The  principal  feature  of  this  system  is  the  employment  of  an  electricaJly  welded 
fabric  formed  with  rectangular  meshes  by  galvanized  steel  wires.  This  fabric  ia 
frequently  used  in  America  for  reinforcements  for  all  purposes  where  it  is  suitable. 


The  methods  of  construction  adopted  by  the  Clinton  Fire-proofing  Company, 
Clinton,  Mass.,  U.S.A.,  are  very  similar  to  those  employed  by  the  Koebling  and 
other  similar  systems.     Two  typical  methods  are  shown  in  Figs.  40  and  41. 
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Coignet  System 

M.  Francois  Coignet  was  the  first  to  point  out  the  advantages  that  would  result 
from  the  combination  of  metal  and  concrete,  but  he  did  not  put  his  ideas  into 
practice. 

His  son,  Edmund  Coignet,  placed  before  the  Soci6t6  dea  Ingenieurs  Civils,  in 
1888,  hia  ideas  as  to  the  disposition  of  the  two  materials,  the  metal  t»  resist  the  ten- 
sion, and  the  concrete  the  compression.  With  M.  N  de  Tedesco  he  deduced  rational 
methods  of  calculation  based  on  his  experimental  studies.  These  calculations  took 
into  consideration  the  differences  in  the  coefficients  of  elasticity  of  the  two  materials. 
Hia  communication  to  the  above-mentioned  society  in  March  1894,  "  Au  calcul  des 
ouvragea  en  ciment  arm6  avec  ossature  m^talUque,"  was  considerably  read  and 
formed  the  point  of  departure  of  new  studies  and  theories.  Since  that  date  M.  Coig- 
net's  ideas  have  been  in  a  great  measure  confirmed  by  the  studies  and  experiments  of 
such  authorities  as  MM.  Stellet,  Lefort,  Harel  de  la  Koe^  Conaidere,  Resal,  Von 
Empergner,  and  others. 

The  flooTB  of  the  Coignet  system  (20,  Rue  de  Londres,  Paris),  vary  from  2  to  7-87 
inches  in  thickness,  and  span,  either  the  distance  between  two  walls,  or  if  this  is  too 
great,  the  distance  between  intermediate  beams. 
The  reinforcement  is  either  double  or  single. 

The  single  reinforcement  consists  of  longitudinal  and  transverse  rods  crossing 
one  another  at  right  angles  near  the  lower  surface  of  the  concrete.  The  double  rein- 
forcement consists  of  two  series  of  crossing-rods,  one  near  the  lower  and  the  other 
near  the  upper  surface  of  the  slab.  The  upper  longitudinals  are  always  of  less 
diameter  than  the  lower  ones,  and  the  two  are  connected  by  stirrups  of  round  iron. 
The  transverse  rods  are  of  small  diameter,  and  are  placed  above  the  longitu- 
dinals, both  for  the  upper  and  lower  reinforcements.  These  are  generally  spaced 
5-63  inches  apart,  and  are  about  0-24  inches  in  diameter.  The  longitudinals  are 
spaced  about  3-94  inches  apart.  The  crossing  rods  are  tied  together  at  every  inter- 
section with  annealed  wire. 

The  beams  of  this  system  are  considered  as  of  T  section,  the  portion  of  the 
floor  slab,  acting  with  the  beam  proper,  being  taken,  on  either  side,  as   a   frac- 
tional part  of  the  distance  be- 
tween the  beams. 

M.  Coignet  always  uses  a  , 
double  reinforcement,  as  he  does 
not  consider  without  this  there 
is  sufGcient  guarantee  of  the 
proper  distribution  of  the  stresses 
on  the  width  of  the  table  of  a 
T  beam  or  of  the  perfect  con- 
nexion between  the  leg  and  the 
table.  ^^  ^^ 

He   uses    a   section    such    as 
shown  (Fig.  42)  with  a  lower  reinforcement  of  greater  sectional  area  than  the  upper, 
and  connected  to  the  floor  slab  with  stirrups  of  round  rods.     He  does  not  always 
use  a  single  rod  at  the  top  and  bottom,  as  shown,  but  frequently  has  two  or  more 
in  the  width  of  the  beam. 

The  branches  of  the  stirrups  are  frequently  twisted  together  over  the  tope  of 
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the  upper  rodfl,  so  as  to  tie  the  upper  and  lower  rods  together.     A  transverse  rein- 
forcement, as  shown  (Fig.  43),  is  also  sometimes  adopted. 

HoUow  floors  are  formed  in  several  ways.  The  ceiUng  slabs  are  sometimes 
moulded  in  advance  with  vertical  wires  at  certain  distances  apart,  which  are  moulded 

into  the  beams  and  hold  up 
the  ceiling  slab  ;  sometimes 
the  reinforcement  of  the 
ceiling  slab  is  formed  of  a 
network  of  gakan'zed  iron 
wire  or  expanded  metal,  sup- 
ported by  iron  rods,  and  tied 
to  them  by  annealed  wire. 
The  plaster  is  put  on  this 
slab  in  place,  one  man  hold- 
ing up  a  board  near  the  under 
^o-  *3  surface, whileanotherapplies 

the  plaster  from  above. 
A  further  method  of  constructing  the  hollow  floors  is  to  use  timber  for  the 
floor  and  mould  the  ceiling  slabs  and   beams  together  in  ailu,  the  rods  of  the  ceihng 
slabs,  running  perpendicularly  to  the  beams,  being  passed  over  the  lower  reinforce- 
ments of  the  latter. 

Square  columns  are  reinforced  with  four  rods,  one  in  each  comer.  These  are 
surrounded  by  wire  hoops  embracing  all  the  rods,  their  overlapping  ends  being 
wrapped  with  annealed  wire.     The  hoops  are  spaced  about  7J  inches  apart. 

Foundation  blocks  are  reinforced  with  crossing  rods  near  the  lower  surface, 
and  have  two  ribs  of  reinforced  concrete,  crossing  one  another  at  right  angles,  pro- 
jecting from  the  upper  surface. 

Waits. — M.  Coignet  generally  constructs  his  walls  of  uprights  and  hntels, 
forming  the  bays  with  reinforced  slabs  or  other  fiUing. 

The  atairwaya  of  this  system  are  formed  with  stringers  reinforced  as  ordinary 
beams,  the  steps  being  formed  on  a  reinforced  slab.  The  reinforcing  rods  of  the  slab 
running  across  the  stairway  are  passed  under  the  lower  rods,  and  then  over  the  upper 
rods  of  the  stringers.  They  are  then  bent  down  almost  to  the  bottom  surface,  and 
thus  form  the  Btimips  for  the  stringers  and  at  the  same  time  tie  the  slab  to  them. 

Retaining  walla  are  formed  of  a  face  slab  with  ribs  at  the  back  in  the  same 
manner  as  those  shown  in  the  Hennebique  system  (Fig.  95). 

The  back  edge  of  the  foundation  slab  is  formed  like  a  beam,  and  the  inclined 
outer  rods  of  the  ribs  are  carried  down  through  this  heel.  These  rods  are  tied  to 
the  vertical  rods  in  the  wall  slab  by  stirrups  of  small  round  iron. 

For  the  walls  of  underground  reservoirs  M.  Coignet  has  patented  a  very  excel- 
lent arrangement. 

The  walls  are  hollow  and  are  formed  of  a  double  series  of  reinforced  slabs  arched 
in  plan  ;  one  set  of  the  arches  being  convex  towards  the  ground,  and  the  other  set 
towards  the  water. 

The  arches  abut  against  small  reinforced  counterforts,  which  have  an  arched 
form  in  cross-section  to  economize  material.  The  comers  of  the  reservoirs  are 
formed  with  walls  of  much  greater  thickness  than  the  arched  slabs,  and  act  as 
abutments. 

The  -pipes  constructed  on  the  Coignet  system  are  reinforced  as  shown  (Fig.  44). 
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Elevated  circular  reservoirs  are  reinforced  in  much  the  same  way  as  pipes,  the 
hoops  being  spckced  farther  apart  as  the  pressm^  diminishes.  If  they  become  too 
near  together  towards  the  bottom,  the  sectional  area  is  increased  and  also  the 
spacing.     The  vertical  reinforcements  are  formed  of  rods  0-24  inches  diameter. 


Fig.  44 


Fig.  45 


with  a  rigid  upright,  generally  formed  of  a  small  channel  iron,  every  6»56  feet.  The 
top  and  bottom  hoops  are  replaced  by  flat  bars,  and  these  are  connected  to  the 
channel  irons  to  form  a  rigid  skeleton,  on  which  the  rest  of  the  reinforcement  is 
formed.  The  positions  of  the  hoops  are  marked  on  the  uprights,  and  those  of  the  rod 
uprights  are  marked  on  the  flat  iron  hoops  at  the  top  and  bottom.  Fig.  45  shows  a 
spherical  cover  to  a  reservoir.  The  bottoms  are  frequently  also  spherical,  being 
convex  towards  the  water. 

M.  Coignet  was  one  of  the  first  to  bring  out  a  patent  for  reinforced  concrete 
piles ;  these  were  constructed  with  vertical  rods,  held  by  double  square  hoops,  one 
inside  and  the  other  outside  ;  the  latter  being  shrunk  on  to  hold  the  inner  hoop  in 
position.  He  has  recently  adopted  a  circular  pile  either  hollow  or  soUd  with  longi- 
tudinal rods  and  spiral  windings  of  wire. 

M.  Coignet  has  constructed  many  buildings,  reservoirs,  aqueducts,  conduits, 
arched  and  straight  bridges,  etc.     Among  these  may  be  mentioned — 

La  Palais  d'Electricite  at  the  Paris  Exhibition,  1900.  Illustrated  and  described 
(p.  460). 

A  Building  for  the  Soci6t6  "  Aux  Classes  Laborieuses,"  83,  Rue  du  Faubourg- 
Saint-Martin,  Paris,  a  four-storied  building  which  has  a  frontage  of  73-8 
feet,  and  a  depth  of  164  feet. 

The  Aqueduc  d'Acheres,  consisting  of  614  yards  of  circular  section  9-84  feet 
internal  diameter,  and  6,687  yards  of  gallery  with  an  elliptical  arch  of  17*25 
feet  span.     This  gallery  is  illustrated  and  described  (p.  504). 

Grain  Silos  from  M.  AbelLeblanc,  to  contain  6,628  cubic  feet,  or  5,675  bushels. 

M.  Coignet  also  designed  a  reinforced  concrete  arched  bridge  for  spanning  the 
Seine,  where  the  Pont  Alexandre  III  has  been  erected,  but  this  design  was  passed 
over  in  favour  of  the  present  steel  bridge,  as  the  authorities  at  that  time  (1894)  had 
not  sufScient  confidence  in  reinforced  concrete. 

M.  Coignet  estabUshed  a  London  branch  at  43,  Chancery  Lane,  W.C.,  in  1905. 
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Columbian  Fire-Proofing  System^ 

The  double-cross  section  recently  adopted  by  M.  Bonna  is  used  by  the  Columbian 
Fire-proofing  Company,  and  by  its  employment  the  vertical  flat  iron  ties  connecting 
the  two  bars  of  the  ordinary  cross  form  are  eliminated.  This  firm  uses  rolled  joists 
embedded  in  concrete  for  beams,  the  double-cross  floor  reinforcements  being  held 
in  place  by  flat  iron  inverted  stirrups,  placed  over  the  top  flanges  of  the  joists. 
The  vertical  legs  of  the  stirrups  are  slotted  out  in  the  shape  of  the  double  cross- 
sections,  and  the  floor  bars  housed  in  the  slotted  holes. 

The  bottom  flanges  of  the  rolled  joists  are  specially  protected  against  fire  by 
troughs  of  concrete,  in  the  sides  of  which  pieces  of  hoop  iron  are  embedded,  with 
their  ends  projecting.  These  are  cUpped  round  the  flange  of  the  joist,  and  hold 
the  troughs  against  the  bottom  surface.  The  hollows  thus  formed  leave  an  air  space 
between  the  concrete  and  the  under  side  of  the  flanges. 

The  Columbian  Fire-proofing  System  established  a  London  branch  at  37, 
King  William  Street,  E.G.,  in  1905. 

Cottangin  System 

This  system  is  one  of  the  oldest,  M.  Cottan9in  (47,  Boulevard  Diderot,  Paris) 
having  taken  out  his  patents  in  1889.  Since  that  time  it  has  been  employed  very 
largely  both  in  Prance  and  other  countries.  M.  Cottangin  considers  that  the  adher- 
ence between  the  metal  and  concrete  is  an  entirely  unreliable  quaUty  which  should 
be  totally  neglected.  He  is  also  of  the  opinion  that  the  tensile  reinforcements 
must,  in  consequence  of  the  continual  vibrations,  tend  to  become  loosened  by 
a  molecular  disintegration  of  the  concrete. 

M.  Cottan9in  was  the  first  to  appreciate  the  advantage  that  would  accrue  from 
the  reinforcement  of  concrete  by  hooping.  As  early  as  1889  he  placed  before  him- 
self the  problem  of  so  enclosing  the  small  particles  of  concrete,  that  this  material 
should  always  be  subjected  to  compression,  while  the  metal  acted  constantly  in 
tension.  His  idea  was  to  produce  a  perfect  and  continuous  metallic  mesh  with 
invariable  connexioi^.  He  further  attempted  to  annul  all  tensile  stresses  in  the 
concrete  while  neglecting  always  its  adherence  to  the  metal. 

His  reinforcements  consist  of  a  woven  network,  which  enchains  small  particles 
of  concrete  so  that  they  can  only  act  in  compression  while  the  network  acts  in  tension. 
Both  materials  are  compelled  in  this  manner  to  act  at  their  best  advantage,  and 
he  considers  that  he  can  apply  the  ordinary  formula  for  metal  girders,  since  he 
assumes  that  with  this  form  of  reinforcement  the  varying  elastic  properties  of  the 
two  materials  may  be  neglected. 

M.  Cottan9in  came  to  the  conclusion  that  to  obtain  the  best  results  the  thick- 
ness of  his  slabs  and  beams  must  be  small,  since,  if  a  particle  of  concrete  is  held 
firmly,  in  one  plane  only,  by  a  network  near  the  centre  of  its  thickness,  it  can  be 
readily  seen  that  the  greater  the  thickness  the  more  tendency  there  will  be  for  the 
concrete  between  the  enclosing  wires  to  disintegrate  at  its  ends  by  wedge-shaped 
pieces  breaking  away  under  the  lateral  compression.  He,  therefore,  never  exceeds 
2*36  inches  for  the  thickness  given  to  his  slabs,  or  ribs,  and  uses  concrete  with  a  high 
proportion  of  cement. 

If  we  consider  a  small  prism  of  concrete  imprisoned  between  the  meshes  of  metal, 

^  ]SI.  Considere  has  recently  established  an  agency  for  working  his  hooped  concrete  patents 
in  England,  under  the  name  of  the  Considere  Construction  Company,  3,  Victoria  Street,  West- 
minster, S.W. 
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we  see  at  once  that  when  it  tries  to  expand  the  tendency  is  for  the  mesh  to  elongate, 
and  consequently  to  become  of  less  width  if  we  neglect  the  small  elastic  deformations. 

M.  Cottan9in  considers  that  with  the  Monier  form  of  network,  which  is  only  tied 
at  the  intersection,  the  meshes  will  give  way  to  this  tendency  and  that  this  is 
even  more  probable  with  the  networks  for  which  no  ties  are  used,  if  the  adherence 
is  neglected.  To  obtain  a  firm  junction  at  the  crossing  of  the  wires,  he  therefore 
employs  a  woven  mesh,  as  shown  (Fig.  46). 

It  would  seem  at  first  sight  that  the  weaving  would  not  prevent  the  shding 
of  one  wire  over  another,  but  M.  Cottanfin  points  out  that  with  the  woven  network 
there  is  no  need  for  an  absolute  fastening  together  of  the  interlacing  wires. 

If  we  consider  two  neighbouring  wires  running  in  the  same  direction,  they 
are  on  opposite  sides  of  the  crossing  wire.  Now  the  forces  on  the  inner  sides  of  each 
of  these  tend  to  force  them  against  the  crossing  wires,  and  in  opposite  directions, 
but  movements  in  these  directions  are  prevented  by  the  crossing  wire  itself  and  the 
concrete  in  the  neighbouring  meshes. 

M.  Cottan9in  does  not  employ 
slotted  sheet  metal  or  ''  expanded 
metal,"  since,  though  he  admits  that 
it  would  effect  the  same  object  as  his 
woven  mesh,  he  believes  that  the  slots 
have  a  tendency  to  become  elongated 
nnder  repeated  stresses. 

It  would  appear  from  the  results 
of  experiments  that  the  meshes  of  *' ex- 
panded metal  "  do  close  up  under  ten- 
sile stress,  but  this  closing  up  seems  to 
produce  some  such  effect  as  that 
claimed  by  M.  Cottan9in. 

The  mesh  of  the  Cottan9in  net- 
work is  varied  according  to  the  inten- 
8ity  of  the  stresses  on  the  various 
portions,  and  the  resistance  of  the 
slabs  is  in  this  manner  made  propor- 
tional to  the  imposed  stress  at  every 
place.     Such  a   disposition  would    be 

diflScult  of  attainment  with  any  slotted  metal  plate  or  "  expanded  metal.'* 
H.  Cottan9in  claims  that  in  his  system  it  is  the  metal  that  imprisons  the  concrete, 
whereas  in  all  others  it  is  the  concrete  that  imprisons  the  metal. 

For  floor  slabs  the  form  of  reinforcement  generally  adopted  by  M.  CJottan9in 
is  that  shown  in  Fig.  46,  although  he  has  patented  several  other  kinds  of  network 
more  or  less  complicated.  The  floor  slabs  are  always  thin,  and  are  generally 
strengthened  at  frequent  intervals  by  ribs,  called  by  M.  Cottan9in  "  spinal-stiff eners  " 
(epine-contreforts).  These  stiffening  ribs  enable  spans  of  great  width  to  be  con- 
structed, and,  though  they  produce  an  extremely  light  effect,  have  proved  them- 
selves to  possess  ample  powers  of  resistance.  The  ribs  are  placed  either  above  or 
below  the  slab  which  they  stiffen  and  support.  Their  employment  enables  M.  Col- 
tan9in  to  place  at  each  point  the  necessary  quantity  of  metal  for  the  resistance  of 
the  stresses  due  to  external  loading,  and  to  add  to  the  moment  of  inertia  at  what 
would  otherwise  be  weak  places.     The  spinal-stiffeners  are  placed  crossing  one  an- 
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other,  and  wonderfully  graceful  effects  are  thus  obtained,  while  always  so  disposing 
them  that  they  increase  the  strength  at  the  places  which  require  the  most  resistance. 
Fig,  47  shows  some  methods  of  placing  the 
ribs  for  Cottan^in  floors.  A  framing  rib  aUo 
follows  the  perimeter  of  the  walls  of  each  room. 
The  reinforcement  of  the  stiffening  ribs  is 
similar  to  that  for  the  slabs,  the  continuons 
woven  network  being  placed  vertically,  and 
interwoven  with  that  of  the  supported  slab,  by 
the  loops  projecting  from  the  rib  being  threaded 
through  the  network  of  the  slab  and  then 
through  one  another  before  the  concrete  of  the 
slab  is  deposited.  Where  lights  are  required 
in  the  flooring,  glass  slabs  with  grooves  along 
the  edges  are  employed,  the  wires  of  the  woven 
network  passing  along  the  grooves,  which  are 
filled  in  with  mortar.  Fig.  48  shows  a  Boor 
Pia.  47  during  construction  and  before  the  slab  con- 

crete was  deposited. 
The  ribs  on  the  Cottan9in  system  are  considered  as  N-girders,  of  which  the 
joints  are  absolutely  fixed,  the  mesh  forming  the  tension  bracing  and  the  concrete 
the  compression  bars.  In  addition  to  the  metal  basket  work,  flat  bars  are  placed 
longitudinally  at  the  top  and  bottom,  the  network  being  woven  round  them.  Fig. 
49  shows  a  Cottan9in  floor  slab  and  rib.  The  moment  of  inertia  is  frequently 
increased  by  forming  nosed  projections  on  the  bottom  of  the  rib,  as  shown.  Accord- 
ing to  M.  Cottan9in,  it  is  not  necessary  to  find  the  position  of  the  neutral  axis,  since 
the  concrete  acts  in  compression  throughout  the  whole  depth.  In  reality  he  considers 
his  ribs  as  similar  to  a  series  of   N-girders  superimposed  on  one  another,  of  which 
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the  flanges  are  represented  by  the  wires  parallel  to  the  bottom  edge,  and  claims 
that  its  formation  may  be  expected  to  greatly  reduce  the  elastic  deformations. 
The  remarkable  strength  of  the  Cottangin  ribs  is  demonstrated  by  the  fsict  that 
whereas  a  rib  reinforced  with  26-4  pounds  of  metal  will  bear  a  load  of  200  pounds 
per  lineal  foot  with  only  a  powdering  of  the  concrete,  the  same  amount  of  metal 
in  the  form  of  a  rolled  joist  would  fail  under  a  load  of  33  pounds  per  hneal  foot, 
the  span  in  both  cases  being  14-76  feet. 

Many  interesting  comparative  tests  have  been  carried  out  by  various  authorities, 
which  show  the  wonderful  resistance  for  Cottan9in  floors. 

The  columns  and  walls  on  this  system  are  frequently  constructed  of  cored 
bricks  or  tiles,  the  vertical  wires  being  passed  through  the  holes,  and  the  longitudinal 
or  horizontal  wires  lying  in  the  bed  joints,  being  interwoven  with  the  vertical  vtdres. 
The  holes  are  grouted  in  with  cement  mortar. 

Thin  partition  walls  are  built  of  tiles  placed  on  end  having  one  vertical  hole. 
The  upright  wires  are  threaded  through  the  holes  in  one  course  and  the  joints  of 
the  next,  the  cross  wires  always  passing  along  the  joints.  For  thicker  partitiovs 
or  outer  walU,  a  cored  brick 
(8|  X  22  X  3^  inches),  Fig. 
50,  is  used  having  four  holes 
1^  inches  square.  These  are 
built  with  the  vertical  wires 
parsing  through  the  holes, 
and  the  horizontal  wires  along 
the  bed  joints. 

K  the  walls  have  to  support  considerable  loads,  they  are  strengthened  with 
spinal-stiffeners  of  cored  brickwork  or  concrete.  Cellular  walls  are  frequently 
used  externally.  These  have  vertical  cored  cross  walls  tying  the  two  main  walls 
together.  All  these  are  reinforced  with  upright  and  longitudinal  wires,  those  of 
the  cross  walls  being  tied  to  the  main  reinforcements.  A  flat  bar  of  iron  is  embedded 
in  the  bottom  and  top  bed-joints  of  all  walls  and  also  at  the  levels  of  the  floor  slabs, 
to  which  the  ends  of  the  vertical  wires  are  attached.  Similar  bars  are  also  placed 
vertically  at  the  ends  of  partitions,  if  the  walls  against  which  they  abut  are  not 
reinforced.  The  columns  are  usually  square,  and  are  built  of  cored  bricks  with 
wire  reinforcements. 

Roofs  are  very  often  formed  with  intersecting  ribs  like  the  floors,  but  these 
generally  have  a  slight  rise  at  the  centre  of  the  span.  The  effects  that  are  produced 
by  the  intersecting  ribs  are  wonderfully  artistic,  as  can  be  seen  from  the  illustrations 
(Figs.  455  and  456,  page  473). 

M.  Cottangin  also  constructs  roofs  of  the  Mansard  type,  with  a  double  roof 
slab  for  the  portion  with  the  steep  pitch.  The  upper  part  has  inclined  slabs  forming 
the  roof,  and  a  horizontal  slab  which  constitutes  the  ceiling  for  the  room  below, 
these  slabs  being  connected  together  with  lattice  ribs  of  reinforced  concrete. 

This  method  of  construction  produces  a  very  stiff  roof,  and  also  has  the  great 
advantage  of  keeping  the  attic  story  at  an  even  temperature  by  reason  of  the  double 
roofs.     Fig.  61  shows  a  roof  of  this  type. 

Domes  of  large  span  are  also  built  by  M.  Cottanyin  with  slabs  and  intersecting 
spinalHgitiffeners.  Two  slabs  are  usually  employed  with  the  spinal-stiffeners  between 
them,  thus  leaving  a  hollow  space  between  the  two  shells.  The  triangulation  of 
the  stiffening  ribs  offers  a  great  resistance  to  deformation,  and  also  carries  a  great 

45 


REINFORCED    CONCRETE 


portion  of  the  weight  directly  on  to  the 
supports  when  these  are  supplied  by 
columns  instead  of  a  continuous  wall. 

The  ribs  do  not  cross  at  the  centre 
of  the  bays,  but  at  about  the  level  of 
the  ring  of  greatest  horizontal  thrust, 
thus  considerably  lessening  the  stresses 
at  this  point.  Pig.  454  (p.  472)  shows 
a  view  of  a  dome. 

When  a  gallery  or  a  similar  struc- 
ture has  to  be  constructed  of  such 
forms  as  shown  in  Figs.  52  and  53,  M. 
Cottan9in  frames  the  opening  with  a 
rib  following  the  curvature,  and  places 
the  spinal-stiffeners  tangentially  to  the 
curves. 

A  favourite  method  of  constructing  foundations  of  this  system,  is  the  formation 
of  box-like  cells  by  intersecting  walls  of  cored  brickwork  or  concrete.  These  have 
proved  very  efficient  in  soft  ground,  and  also  for  the  foundations  for  machinery. 
This  disposition  of  crossing  walls  with  a  covering  slab  forms  a  series  of  inverted  boxes, 
in  which  the  earth  is  compressed,  since  it  cannot  spread  out  laterally,  being  held 
by  the  reinforced  walls.  The  whole  foundation  consequently  acts  together  as  a 
raft,  and  is  thus  able  to  support  heavy  loads,  although  the  ground  may  be  very 
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soft.  A  further  advantage  is  the  equalization  of  any  settlement  which  may  occur, 
since  one  portion  of  the  foundation  cannot  settle  without  the  rest  following.  This 
type  of  foundation  is  shown  in  Fig.  54,  which  is  a  photograph  of  the  foundations 
for  a  500  H.-P.  Cockrell  gas-engine  at  the  Paris  Exhibition  of  1900.  The  intersecting 
cored  brick  walls  are  arranged  in  various  manners  according  to  the  nature  of  the 
foundations. 

Pipes  constructed  by  M.  Cottan9in  are  reinforced  with  a  woven  network.  The 
circular  wires  are  wound  spirally,  and  the  longitudinals  are  woven  through,  these 
being  bent  at  the  ends  and  woven  through  again  in  the  opposite  direction,  thus 
forming  a  continuous  basketwork  tube  of  the  length  of  a  pipe.  This  reinforce- 
ment is  placed  near  the  outer  surface  of  the  shell,  as  M.  Cottan9in  considers  that  being 
in  this  position  it  will  cause  the  concrete  to  be  compressed,  since  any  expansion 
is  resisted  by  the  metal. 

M.  Cottan5in  produces  perfect  impermeability  by  the  use  of  a  very  thin  sheet 
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of  metal,  which  is  not  attacked  by  acidi).    This  is  in  narrow  strips,  and  is  wound 
spirally  on  itself  so  as  to  form  a  tube.    An  insertion  of  vegetable  fibre  or  wire  gauze 


embedded  in  an  agglutinant  is  placed  between  the  folds,  where  they  overlap.    This 
tube  which  prevents  any  percolation  is  sheathed  in  a  thin  sheet  of  gutta-percha 
or  a  similar  material,  and  protected  by  canvas.    It  is  then  embedded  between  an 
inner  and  outer  layer  of   concrete, 
both  layers  being   reinforced   with 
a  Cot'tan9in  network,  aa  shown  in 
Fig.  55. 

Rectangular  reservoirs  are  con- 
structed of  walls  of  concrete,  rein- 
forced with  a  woven  mesh,  and 
strengthened  by  vertical  and  hori- 
zontal Btiffening-ribs.  When  the 
depth  is  small  only  one  set  of  hori- 
zontal stifle ning-ribs,  passing  round 
the  perimeter,  are  employed  ;  these 
are  placed  near  the  bottom  and 
tie  in  the  vertical  ribs  ;  further 
ribs  are  carried  across  the  floor  slab 
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from  the  feet  of  the  vertical  ribs.  The  coverings  are  often  formed  of  a  groined 
elab  with  intersecting  arched  ribs  of  cored  brickwork  or  concrete  supported  on 
columns.     A  view  of  such  a  covering  is  shown  Fig.  470  (p.  487). 

Elevated  circular  reservoirs  have  usually  slightly  dished  bottoms.  The  supports 
are  placed  at  equal  distances  round  the  circumference,  and  the  stiffening-ribs  of  the 
bottom  are  placed  in  three  series,  crossing  one  another  at  the  centre,  bemg  parallel 
to  the  sides  of  an  equilateral  triangle  inscribed  in  the  circle.  That  is — three  ribs 
cross  one  another  at  the  centre,  making  angles  of  60^  ;  their  ends  are  joined  by  a 
series  of  ribs  forming  a  regular  hexagon  inscribed  in  the  circle,  the  spinal-stiffeners 
thus  forming  six  triangular  bays. 

The  English  representative  for  this  system  is  Mr.  A.  Vye-Parminter,  architect, 
27,  Avenue  des  Acacias,  Paris,  who  is  also  part  owner  of  the  EngUsh  patents  and  is 
frequently  in  this  country.  In  America  M.  Cottan9in  has  formed  the  American 
Cottan9in  Oongtruction  Company  (332,  East  35th  Street,  New  York)  to  exploit  his 
patents. 

Coularou  System 

The  method  of  beam  reinforcement  adopted  in  this  system  is  shown  in  Fig.  66. 
The  bottom  rods  extend  throughout  the  whole  length,  while  those  along  the  top 
remain  parallel  to  the  upper  surface  till  approaching  the  centre  of  the  span.  They 
are  then  bent  down  at  an  angle  of  45^,  and  are  hooked  round  the  lower  reinforcing 
rods.  Inclined  transverse  rods  are  also  used,  as  shown  in  Fig.  56.  They  are  hooked 
round  the  main  rods  in  the  manner  indicated  in  Fig.  57.  The  floor  rods  pass  under 
the  upper  reinforcements  of  the  beams. 

Fig.  68  shows  the  form  of  hollow  floor.     The  beams  are  fairly  close  together ; 


and  all  the  parts  are  moulded  in  situ.  The  space  between  the  floor  and  ceiling  slabs 
is  filled  in  with  cinder  concrete,  or  the  floor  is  moulded  on  hollow  concrete  cores, 
which  are  left  in. 
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Fig.  68 


Floor  slabs  are  reinforced  with  rods  crossing  one  another  at  right  angles,  and  the 
concrete  is  mixed  in  the  proportions  of  673  pounds  of  cement  per  cubic  yard  of 
gravel  passing  a  0-20  screen,  the  fine  sand  being  excluded. 

Stairs  on  this  system  are  formed  with  stringers  reinforced  in  the  same  manner 
as  the  beams.  The  slabs  carrying  the  steps  are  reinforced  as  floors,  with  rods  crossing 
at  right  angles.     The  steps  are  not  reinforced. 
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Square  columiis  are  reinforced  with  four  vertical  rods  held  together  by  horizontal 
rods  hooked  like  the  transverse  beam  reinforcements.  These  are  spaced  at  equal 
distances  apart. 

Walls  arid  roofs  are  reinforeed  in  the  same  manner  as  the  floor  slaba. 

Cumming's  System 

Mr.  R.  A.  Cummings,  M.  Am.  Soc.  C.E.,  of  4,  Smithfield  Street,  Pittsburg.,  Pa., 
U.S.A.,  has  studied  the  subject  in  a  very  thorough  manner  and  has  introduced  a 
system  in  which  the  columiis  are  practically  formedof  hooped  concrete.  The  rein- 
forcements of  the  beams  are  formed  of  a  series  of  continuous  rods  bent  up  at  various 
points,  and  formed  in  loops  the  top  of  which  pass  across  the  beam  near  the  upper 
surface  ;  they  consequently  afford  ample  resistance  to  shearing  stresses  ;  these  rods 
are  retained  in  their  proper  position  by  special  chairs.  Further  straight  rods  are 
also  employed  passing  continuously  over  the  supports.  The  rods  are  welded  to- 
gether at  the  ends  and  formed  into  a  rectangular  frame  before  being  bent  up  and 
put  into  place. 

The  sizes  of  rods  used  vary  from  „  to  f  of  an  inch.  The  chairs  are  formed 
of  strips  of  sheet  steel  with  projections 
which  are  bent  up  to  form  a  spacing  for 
the  rods  and  then  bent  down  over  the 
reinforcements  to  hold  them  in  place. 
Their  cost  is  a  very  small  it«m  in  the 
total  expense. 

Fig.  59  shows  the  cross  section  of  a 
beam,  Fig.  60  is  a  sketch  of  a  "  chair  " 

and  Fig.  61  shows  the  longitudinal  section  P,„  eo 

of  a  beam  and  the  section  of  a  column. 

The  floor  slabs  are  reinforced  in  the  usual  manner  with  straight  and  bent  rods- 


The  reinforcement  of  the  columns  consists  of  independent  hoops  of  flat  bars 
secured  to  vertical  angle  or  other  bars  by  the  insertion  of  staples,  which  are  passed 
through  holes  in  the  hoops  and  angles  and  clinched  fast.  The  entire  skeleton  can 
be  raised  and  inserted  in  the  moulds  in  one  piece  and  there  is  no  fear  of  the  several 
members  becoming  displaced. 

The  columns  which  are  usually  circular  are  generally  formed  in  metal  moulds 
and  secure  a  good  surface. 

Mr.  Cummings  uses  the  method  of  calculations  for  beams  given  in  the  Prussian 
Scgulations,  which  is  practically  that  now  adopted  by  the  authors. 
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Ultimate  loads  of  between  5,000  and  6,000  pounds  per  square  inch  have  been 
obtained  from  columns  of  1  to  2  to  4  concrete  constructed  on  this  system.  Mr. 
Cumminge  also  constructs  piles  with  the  same  methods  of  reinforcement  as  that 
employed  for  his  columns. 

D6gon  System 

M.  D^gon  had  been  employed  for  some  years  carrying  out  works  in  reinforced 
concrete,  prior  to  bringing  out  his  own  system,  and  had  in  consequence  all  the 
advantages  of  practical  experience. 

His  experience  led  him  to  believe  that  insufficient  resistance  was  given  by 
hoop-iron  stirrups  acting  entirely  by  themselves.  He  considers  that  there  should 
be  a  complete  tying  together  of  the  various  elements  of  the  skeleton,  and  that  with 
the  ordinary  stirrup  it  is  very  difficult  to  be  sure  of  proper  contact  with  the  enveloped 
bar,  and  in  consequence  the  proper  tie  to  the  compressive  portion  of  the  beam  is 
unassured.  He  further  believes  that  if  a  void  is  formed  between  the  bar  and  the 
stirrup,  it  is  practically  impossible  to  fill  it  with  concrete. 

M.  Degon  also  considers  that  it  is  wise  to  provide  against  premature  striking 
of  the  falsework,  which,  if  the  rods  are  not  thoroughly  tied  together,  may  cause 
abnormal  settlements.  The  reinforcement  employed  in  the  beama  of  this  system  is 
consequently  of  the  double  type,  composed  of  two  or  more  sets  of  round  rods,  the 
upper  ones  being  generally  ]',i  the  sectional  area  of  those  at  the  bottom.  The  bottom 
rods  are  bent  up  at  the  ends,  so  that  those  at  the  top  may  be  hooked  round  them, 
as  shown  ta  Fig.  62.  The  vertical  reinforcements  are  bent  in  several  different 
forms,  the  most  simple  being  a  rectangle  with  a  wavy  bottom  member,  the  lower 
reinforcements  resting  in  the  depressions. 


Another  form  is  shown  in  Fig.  63,  embracing  two  bottom  and  two  top  rods, 
a  third  top  rod  is  sometimes  added,  passing  through  the  top  loop. 

If  the  rods  used  for  the  vertical  reinforcement  are  short,  their  ends  are 
hooked  together  in  the  manner  shown  in  Fig.  63  ;  but  if  they  are  long,  one  end  is 
hooked  round  a  longitudinal  rod,  and  the  other  extremity  is  prolonged  into  the 
floor,  being  connected  by  a  hook  to  the  slab  reinforcement  of  the  adjoining  bay,  as 
shown  (Fig.  64).  When  the  rectangular  vertical  reinforcement  is  employed,  a 
further  rod  is  placed  longitudinally  between  the  main  reinforcements  and  bent  in 
snake-Uke  curves,  the  bottom  folds  passing  under  the  bottom  of  the  vertical 
rectangular  reinforcements,  and  the  upper  folds  extendii^  into  the  upper  surface 
of  the  concrete. 

The  floors  of  this  system  are  reinforced  with  rods  running  across  the  beams, 
with  snake-Uke  transverse  rods,  as  shown  (Figs  65  and  66).    Fig.  65  also  shows 
a  further  form  of  transverse  beam  reinforcement, 
50 


SYSTEMS   EMPLOYED 

TLe  eoluniTis  are  reinforced  with  four  longitudinal  roda  held  together  by  star- 
shaped  wire  ties,  the  ends  of  which  are  turned  down  to  obtain  a  firm  hold  in  tbe 
concrete,  as  shown  (Fig.  67). 

WaUa  are  reinforced  in  difFerent  ways,  according  to  the  direction  of  the  Btresses. 


When  the  wall  acte  entirely  under  direct  compression,  it  is  reinforced  by  central 
vertical  rods  and  two  series  of  snake-like  longitudinal  reinforcements,  the  alternate 
ones  being  placed  half  of  the  distance  between  the  loops  to  the  side  of  that  below, 
the  loops  clasping  the  upright  rods  alternately  on  either  side. 

When  the  pressure  acta  only  on  one  side,  the  vertical  rods  are  placed  at  thia 


aide,  and  only  one  series  of  snake-like  longitudinal  reinforcement  is  employed,  the 
rertical  rods  bearing  against  the  folds  of  the  bent  rods. 

Wlien  the  pressure  may  be  on  either  aide,  two  aeries  of  vertical  rods  are  used, 
one  on  either  aide  of  the  wall.  The  longitudinal  anake-Iike  reinforcement  is  also  in 
two  series,  placed  alternately  in  the  height  of  the  wall,  each  series  bearing  against 
one  set  of  vertical  rods.     This  type  is  shown  in  Fig.  68. 

Another  tjrpe  of  wall  reinforcement  consists  of  three  series  of  longitudinal  snake- 
like reinforcements  only,  placed  alternately  in  the  height  of  the  wall,  and  each 
being  set  half  a  loop  to  the  side  of  the  one  below. 
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The  pipes  of  this  system  are  reinforced  in  the  same  manner  as  walls,  with 
longitudinal  rods  placed  either  near  the  outer  surface  or  at  the  centre  of  the  shell, 
and  circular  reinforcement  consisting  of  hoops  with  snake-like  folds,  in  one  eeries 
or  in  two  series  placed  alternately  in  the  length  of  the  pipe.  When  the  longitudinal 
rods  are  near  the  outer  surface,  and  either  one  or  two  series  of  circular  reinforce- 
ments are  employed,  the  longitudinal  rods  bear  against  the  outer  folds  of  the  hoops ; 
but,  with  central  longitudinals,  the  hoops  are  so  placed  that  the  loops  of  one  series 


bear  against  the  outer  side  of  the  longitudinals,  and  those  of  the  other  series  agatngt 
the  inner  side. 

There  is  a  great  advantage  in  this  system,  in  that  all  the  several  reiuforcemente 
are  thoroughly  tied  together,  so  that  they  will  oflfer  a  great  resistance  in  themselves 
without  the  aid  of  the  concrete. 

Among  the  works  carried  out  by  M.  D^gon  on  his  system  may  be  cited — 
,  Floors  and  Silo  for  M,  Pagnier  at  Buironfosse. 
Floor  of  a  Bakehouse  at  Amiens. 
Covered  Silo  at  Momignies  (Nord). 
A  Starch  Manufactory  at  Marcoing  (Nord). 

Demay  Sjrstem 

The  system  devised  by  MM.  Demay  Freres,  of  Rheims,  is  peculiar  in  the  employ- 
ment of  flat  bars  for  the  purposes  of  main  reinforeements,  and  in  the  veiy  thorough 
manner  in  which  all  the  reinforcements  are  secured  together.  A  double  reinforce- 
ment is  used  for  beams,  the  upper  and  lower  bars  being  connected  by  0-04  x  040 
inches  flat  transverse  reinforcements,  which  are  passed  round  the  main  bars  and 
secured  to  them  at  their  terminations,  as  shown  (Fig.  69).     The  upper  bars  are 
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generally  half  the  sectional  area  of  the  lower  bars,  but  a  symmetrical  reinforcement 
is  Bometimes  employed.  Fig,  69  shows  their  ordinary  floor  construction  with  main 
and  secondary  beams.  The  rods  G  (Pig.  69)  are  inserted  to  resist  the  shearing 
Dear  the  supports,  and  are  tied  to  the  main  reinforcements  with  a  wire  wrapping,  as 
shown. 

The  main  reinforcements  of  the  consecutive  secondary  beams  are  tied  together 
in  the  width  of  the  main  beams,  and  their  upper  bars  tied  to  the  similar  bars  of  the 
main  beams.  The  upper  reinforcements  of  the  main  and  secondary  beams  are 
wrapped  with  pieces  of  annealed  wire  I  (Fig.  69)  at  intervals  of  about  12  inches. 
The  ends  of  these  wires  project  beyond  the  top  of  the  beam,  and  are  tied  to  the 
floor  rods  before  the  concrete  for  the  slab  is  deposited. 

To  keep  the  main  bars  of  the  beams  in  position  while  the  concrete  is  being 
deposited,  the  upper  and  lower  reinforcements  are  tied  together  at  intervals  of 
about  2-62  to  3-28  feet  by  rods  of  0-24  inches  diameter,  J  (Fig.  69). 

The  floor  reinforcement  consists  of  a  network  of  round  rods,  the  mesh  being 
mnally  3-94  x  7-88  inches,  the  rods  M  (Fig.  69)  being  3-94  inches  apart ;  these  are 
tied  to  the  upper  reinforcements  of  the  beams,  as  described  above,  and  are  calcu- 


lated to  resist  the  maximum  bending  moment.    The  rods  L  (Fig.  69)  are  7-88  inches 
apart,  and  from  0*197  to  0-236  inches  diameter. 

The  two  series  of  rods  are  fastened  together  with  wire  ties  at  every  other  inter- 
section in  both  directions. 

It  will  be  seen  that  all  the  reinforcements  are  very  thoroughly  tied  together. 

MM,  Demay  Fr^res  have  also  constructed  floors  in  the  manner  shown  (Fig.  70) 
for  the  cellars  of  a  brewery  at  La  Capelle,  thereby  forming  isolated  areas. 

Columns. — The  columns  constructed  on  this  system  are  reinforced  with  round 
rods,  which  are  carried  up  into  the  beams,  and  one  of  them  is  carried  through  the 
floor  and  attached  to  a  rod  of  the  column  above.  The  reinforcements  are  carried 
down  into  the  foundation  blocks,  and  bent  out  at  right  angles.  In  the  height  of  the 
column  the  vertical  rods  are  tied  together  by  a  hooping  of  thin  flat  or  hoop  iron. 

WaUa. — The  reinforcement  for  walls  is  also  formed  of  round  rods,  after  the 
manner  of  a  Monier  reinforcement.  Where  counterforts  or  strengthening  ribs 
are  employed  for  retaining  walls  similar  to  those  shown  (Fig.  95),  flat  reinforce- 
ments are  used.  One  bar  is  placed  vertically  in  the  wall,  and  another  inclined 
near  the  outer  edge  of  the  strengthening  rib  ;  these  two  reinforcing  bars  are  tied 
together  by  a  diagonal  bracing  of  thin  rods. 

MM.  Demay  Fr^res  have  constructed  buildings,  reservoirs  and  silos,  amongst 
which  may  be  mentioned — 
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Grain  Warehouses  at  Odessa  (Russia). 

A  Brewery  at  La  Capelle. 

A  Reserroir  containing  221,000  gallons  for  MM.  Vve.  Pommery  et  CSe.,  at 

Rheims. 
A  Circular  Covered  Elevated  Reservoir  at  Arcis-en-Brie,  containing  22,100 

■ 

gallons,  having  an  internal  diameter  of  16*24  feet. 

^'  Expanded  Metal  "  System 

The  "  Expanded  Metal  "  (Fig.  71),  invented  by  Mr.  J.  F.  Golding,  and  exploited 
by  the  New  Expanded  Metal  Company,  York  Mansion,  York  Street,  S.W.,  is  a 

most  excellent  reinforcement  for 
many  forms  of  construction.  It 
is  not,  however,  adapted  for  the 
construction  of  beams.  For  re- 
inforcing floor  slabs,  and  similar 
pieces,  it  forms  an  excellent  sub- 
stitute for  the  network  of  rods 
usually  adopted,  and  the  extra 
initial  cost  is  generally  counter- 
balanced by  the  saving  in  labour 
due  to  its  easy  manipulation. 
A  beneficial  action  appears  to 
YicTTi  ^  set  up  in  the  slab,  due  to  the 

tendency  of  the  meshes  to  close 
up  under  bending.  It  can  be  easily  seen  that  if  the  meshes  close  up  by  a 
lengthening  of  the  longer  and  a  shortening  of  the  shorter  diagonal,  the  area 
within  the  mesh  must  become  reduced,  and  consequently  the  enclosed  concrete 
will  be  compressed.  This  is  a  very  valuable  property,  since,  if  the  sheets  are  so 
placed  that  the  greatest  tensile  stresses  act  in  the  direction  of  the  longest  diagonal^ 
it  causes  the  concrete  in  the  lower  portion  to  be  under  compression,  instead  of 
tensile  stresses,  as  is  the  case  with  most  methods  of  reinforcement.  The  sheets  are 
made  in  many  different  strengths,  so  that  almost  any  size  of  piece  can  be  economic- 
ally reinforced.  Where  one  sheet  is  not  of  sufficient  length  or  width,  a  slight 
overlapping  of  the  sheets  in  the  concrete  gives  the  necessary  continuity,  since  its 
form  renders  any  shppiQg  through  the  mass  of  concrete  practically  impossible. 

The  extreme  usefulness  of  "  expanded  metal  "  for  reinforcing  portions  of  works 
constructed  of  plain  concrete,  where  any  special  strength  is  required  locally,  is 
generally  well  known,  and  no  attempt  will  be  made  to  detail  such  uses,  but  its 
special  application  to  structures  formed  entirely  of  reinforced  concrete  will  alone 
be  dealt  with. 

The  Expanded  Metal  Company  will  undertake  the  erection  of  structures  rein- 
forced with  this  material,  and  are  always  ready  to  give  all  the  necessary  informa- 
tion to  cUents  wishing  to  do  the  work  themselves.  They  have  also  devised  several 
typical  methods  for  the  formation  of  floors,  walls,  stairs,  covered  reservoirs,  etc. 
When  "  expanded  metal  "  is  employed  as  a  reinforcement  for  floors  the  main 
beams  are  usually  formed  of  rolled  joists. 

The  Company  recommend  that  the  area  of  metal  compared  with  that  of  the 
concrete  forming  the  slab  should  be  ^  per  cent.,  which  would  seem  about  the 
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proper  theoretical  percentage  for  an  economical  use  of  material.  They  further 
recommend  that  the  concrete  should  be  mixed  in  the  proportions  of  1  of  Port- 
land cement  to  4  or  5  parts  of  clean  aggregate  containing  33  per  cent,  of  sand,  and 
all  of  which  will  pass  a  j-inch  screen. 

Flat  floors.— There  are  two  general  types  of  flat  floor  construction.  Fig.  72 
shows  the  ordinary  floor  in  which  the  slab  rests  on  the  upper  flanges  of  the  rolled 
joista,  leaving  the  joists  ex- 
posed. They  are  usually, 
however,  either  "fiUed  in  and 
surrounded  with  concrete,  or 
protected  by  a  layer  of  plaster 
on  a  lathing  of  "  expanded 
metal." 

In  Fig.  73  the  floor  slab 
again  rests  on  the  top  flanges 
of  the  rolled  joists,  and,  in 
addition,  a  lathing,  on  which  a 

plaster   ceiling   is    formed,    ia  Kxfict7u£ea.3feTaZTe7jjj^n.BonA 

suspended    from    the    bottom  &/*n^  ize^  o«.ce»t**-i:^3f.    antp 

ninges  by  means  of  a  eenes  of  p^^  -2 

upright  flat  bare,  to  which  the 

lathing  is  attached  ^y  special  clips.  The  bars  are  suspended  from  the  joists  by 
the  arrangement  shown  in  Fig.  74.  This  figure  also  shows  the  clips  for  attaching 
the  lathing  to  the  bars.  The  flat  floors  are  adapted  for  spans  up  to  12  feet  be- 
tween the  beams. 

Floor  supported  by  arched  secondary  ri6«.— This  form  of  floor  is  a  very  favourite 
one,  as  it  produces  a  very  Ught 
and  economical  floor  for  spans  of 
from  12  to  25  feet  between  the 
main  beams,  and  4  to  8  feet  be- 
tween the  arched  ribs. 

The  main  beams  are  formed 

of  rolled    joists,    the    eecondaiy 

beams  being  arched  ribs  of  curved 

steel  channel  bars,  fiUed  in  with 

concrete,  which  is  continued  up- 

wards  to  support  the  floor  slab. 

The  channels  are  usually  6  inches 

wide  and  weigh   12  pounds  per  lineal  foot,  and  are  formed  with  a  rise  of  ^  the 

span.     It  is  stated  that  the  total  weight  of  this  form   of  floor  need   not   exceed 

from  25  to  30  pounds  per  square  foot. 

Fig.  76  shows  this  form  of  floor  at  the  bottom  and  the  hoUow  flat  floor  at  the 
top.  If  a  hollow  floor  Is  desired,  upright  flat  bars  are  attached  crossing  the  arched 
channel  irons  and  along  the  bottom  flanges  of  the  rolled  joists.  The  "  expanded 
metal "  lathing  is  suspended  from  these  bars,  and  a  plaster  ceiUng  slab  is  formed 
foUowing  the  curve  of  the  channel  ribs  and  passing  under  the  bearing  joists. 

Fig.  75  also  shows  the  method  adopted  for  the  formation  of  solid  partition  walla. 
For  these  steel  rods  about  ^  inch  diameter  are  placed  vertically  and  attached  to 
the  upper  and  lower  flanges  of  the  bottom  and  top  floor  joists  by  special  clips  and 
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hooks  and  tightenmg  nuts,  as  shown  in  Fig.  76.     These  are  spaced  about  12  inches 
apart,  and  the  "expanded  metal  "  lathing  is  attached  to  them  by  wire  tiee,  or 
sometimes  the  rods  are  threaded  through  the  meshes-     A  plaster  slab  about  2 
^  liS^ f^J^^StHl^  ~    inches     in     thickness     is 
'''^-^"^""^       then  formed  on  the  lath- 
ing in  two  layers,  one  on 
each  side,  and  the  parti- 
tion is  complete.      When 
door     openings     are     re- 
quired, a   vertical   rod  b 
placed  on  each  side  and 
attached     to     the     door 
&ame  with  staples   before 
the  lathing    is   placed   in 
position.      It     is     recom- 
mended that  the   lathing 
should    be    strutted    up 
temporarily       until      the 
plaster  on  one  side  is  set. 
This  form  of  partition 
only     weighs     about     18 
pounds   per  square    foot, 
and  is  said  to  sive  about 
66  per  cent,  of  space  and 
50  per  cent,  of  weight  com- 
pared  with    a    half -brick 
wall.     It    is    essential     to 
have  secure  fixing  for   the 
rods  at  the  top  and  bottom. 
The  framing  employed 
for  a  hollow  partition  ukUI 
consist*  of  paurs   of   light 
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angle  irons  placed  vertically  and  held  at  the  proper  distance  apart  by  a  series  of 
distance  pieces,  those  at  the  top  and  bottom  being  formed  of  angle  iron  and  the 
intermediates  of  flat  iron.  When  the  partition  is  placed  between  two  of  the  upper 
floor  joists,  the  upper  horizontal  piece  of  angle  iron  bears  against  the  concrete  of 
the  top  floor,  whereas  if  it  is  placed  under  a  joist,  tlie  top  table  of  this  angle  is  left 
longerthan  the  vertical  portion  and  is  clipped  round  the  bottom  flange  of  the  joist. 

The  top  bearing  angle  is  always  made  with  slotted  bolt  holes,  so  that  the  length 
of  the  upright  may  be  adjusted  to  bear  against  both  floors.  At  the  foot  the  angle 
iron  distance  pieces  rest  on  the  concrete  of  the  bottom  floor.  Sheets  of  "  expanded 
metal  "  lathing  are  attached  to  both  sides  of  the  framed  uprights  by  special  clips, 
and  are  covered  with  plaster.  The  door  frames  are  secured  to  the  angle  irons  by 
coach  screws. 

The  method  of  forming  external  double  walla  is  really  a  form  of  protected  steel 


framing,  the  steel  skeleton  being  built  up  of  rolled  joists  in  the  ordinary  way.  To 
thb  framing,  rods  of  about  J-inch  diameter  are  attached,  one  end  being  simply 
hooked  over  the  flanges,  and  the  other  fastened  by  special  cUps,  so  that  they  may  be 
tightened  up  by  means  of  nuts.  The  rods  are  attached  on  both  sides,  and  spaced 
about  12  inches  apart.  The  "  expanded  metal  "  lathing  is  secured  to  the  rods 
by  wire  ties,  and  plaster  applied,  forming  a  thin  layer  on  each  side  of  the  framing. 
Columns  are  formed  of  hollow  circular  cast-iron  sections,  or  any  form  of  rolled 
section  may  also  be  used,  joists  and  the  cross  section  being  those  most  frequently 
adopted.  These  are  covered  with  a  lathing  of  "  expanded  metal,"  on  which  a 
protective  covering  of  plaster  is  applied,  the  space  between  the  lathing  and  the 
metal  being  generaUy  filled  in  with  concrete.  The  beams  are  protected  in  the 
same  manner,  with  "expanded  metal"  lathing  attached  to  flat  bars  on  edge, 
which  are  fastened  on  to  the  joists.  Sometimes  the  flat  bars  are  dispensed  with, 
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ana  the  joists  are  completely  surrounded  with  concrete,  over  which  a  layer  of  plaster 
is  formed  on  a  lathing  of  "  expanded  metal." 

Several  types  of  column  and  girder  protoctiTe  coverings  are  shown  (Fig,  7fl), 
Stairways  and  the  tiers  for  theatre  seats  are  formed  as  shown  (Fig.  77).  Rdlei 
joists  are  used  as  stringers,  on  theee  stepped  bearers  of  bent  flat  iron  ate  riveted. 
The  risers,  which  are  formed  of  light  built-up  Z-girders,  with  T-iron  stiffeners, 
rest  on  the  bearers.  The  threads  are  constructed  of  flat  bars  on  edge  placed  12 
inches  apart,  with  a  quarter  turn  at  each  end  to  form  a  bearing  on  the  angle  iiona 
of  the  risers. 

To  both  these  skeletons  "expanded  metal"  sheets  are  attached,  on  which 
the  concrete  and  plaster  slabs  are  formed. 

Fig.  77   shows  views 

of  the    circle    seats  and 

■;,i.,/f^         risers  of  the  Royal  York 

Theatre    of   Varieties, 

TStafnSMA^X  Southampton.      In    this 

case  the  slabs  for  the  seats 
were  made  2\  inches  thiols, 
while  the  thickness  of  the 
plaster  covering  on  the 
lathing  for  the  risers  was 
IJ  inches. 

"  Expanded  metal " 
is  a  very  convenient  re- 
inforcement for  domes  and 
similar  coverings.  It  is 
also  frequently  used  as  a 
lathing  for  ornamental 
plaster  work. 
Both  circviar  and  rectangular  tanks  and  resermira  have  been  built  of  concrete 
reinforced  with  "  expanded  metal." 

When  rectangular  or  of  large  diameter,  vertical  uprights  of  section  iron  are 
employed  for  the  main  reinforcement  of  the  walls,  "  expanded  metal  "  sheets  being 
secured  to  them. 

The  roofs  are  frequently  supported  on  arched  ribs  of  channel  iron  in  a  similar 
way  to  the  arched  floors  already  described. 

The  channels  spring  from  the  flanges  of  rolled  joists  embedded  in  the  walls  at 
the  springings.  Concrete  ribs  are  carried  up  from  the  channel  irons,  having  a  flat 
extrados,  on  which  the  roof  slab  rests,  this  slab  being  reinforced  in  the  usual  way 
with  "  expanded  metal  "  sheets.  To  lighten  the  concrete  ribs,  a  series  of  circular 
holes  are  frequently  formed  in  them.  The  channels  are  tied  together  transversely 
by  angle  irons  attached  to  flat  projecting  bars  riveted  to  their  webs. 

Spans  of  100  feet  or  more  can  be  constructed  on  this  method.  Small  spans 
may  be  executed  in  the  same  manner  as  already  described  for  flat  or  arched  floors. 

Habrich  or  Thomas  and  SteinhofI  System 
This  system  was  brought  out  by  Herr  Habrich,  and  is  constructed  by  the 
firms  of  Thomas  and  Steinhofi,  of  Miiiheim-s.-Ruhr,  and  Aug.  Potthofi.of  Mimster 
(Westphaha). 
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The  reinforcements  consigt  of  twisted  flat  bars  and  rolled  joists, 
of  fiat  floors  are  employed  for  spans  up  to  6-56  feet. 


Several  types 


f^mmnt  •/>  fim^ttt 


Fio.  78 


Fig.  78  shows  the  method  adoptied  when  the  supporting  joists  are  visible.  This 
type  is  constructed  for  spans  between  3*28  and  6-56  feet. 

Fig.  79  is  a  method  used  when  the  joists  are  partially  embedded  in  the  floor 
slab,  and  are  filled  in  with  concrete  above  the  bottom  flange. 
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Another  similar  floor  has  the  under  surface  of  the  concrete  curved,  where  it 
fills  in  the  bottom  of  the  bearing  joists.  A  plaster  ceihng  is  formed  following  the 
underside  of  the  floor  slabs  and  covering  the  bottom  flanges  of  the  joists. 

Fig.  80  shows  a  floor  where  the  slab  rests  on  the  lower  flanges  of  the  joists,  a* 
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filling  of  cinder  concrete  being  formed  between  the  top  of  the  slab  and  the  floor 
paving.  If  boards  are  used  for  the  floor,  naiUng  strips  are  embedded  in  the  cinder 
concrete  filling. 

A  form  of  floor  more  seldom  used  is  that  shown  in  Fig.  81.  Here  the  floor  is 
reinforced  with  rolled  joists,  the  twisted  bars  being  used  to  tie  the  concrete 
together. 
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Flat  floors  of  the  t3rpes  represented  in  Figs.  78  to  80,  are  not  used  for  spans 
greater  than  6*56  feet  or  to  support  greater  loads  than  100  pounds  per  square  foot. 
When  greater  spans  up  to  16*4  feet  are  required  an  arched  fljoor  slab  is  used,  as  shown 
(Fig.  82),  with  a  rise  of  -^^  the  span.  For  a  16*4  feet  span  the  thicknesses  of  the 
arch  at  the  crown  and  springings  are  3*94  and  6-91  to  6-30  inches  respectively. 

59 


REINFORCED   CONCRETE 

The  flat  bars  used  in  this  system  are  1  '38  x  0-063  inches,  or  1  -57  X  0-059  inches ; 
for  flat  floors  these  are  spaced  from  1-10  to  0-47  feet  apart,  and  for  arched  floors  the 
spacing  varies  from  0-82  to  0-66  feet. 

The  concrete  is  usually  mixed  in  the  proportions  of  1  of  cement  to  8  or  9  of  sand 
and  shingle  or  cinders  ;  sometimes  1  of  cement  to  3  of  sand  and  4  of  broken  stone 
is  used. 

Arched  roofs  are  also  constructed  in  this  system,  the  arch  springing  from  channel 
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irons  laid  on  the  top  of  the  walls,  and  tied  together  from  wall  to  wall  with  iron 
tie-bars  of  double  angles.  Vertical  tie-rods  are  also  placed  at  various  intervals 
across  the  span,  being  embedded  in  the  concrete  at  their  upper  ends.  Domes  have 
also  been  constructed,  of  which  a  ring  at  the  bottom  and  a  portion  at  the  top  are 
solid,  the  remaining  portion  being  constructed  of  open  bays  with  ribs  of  reinforced 
concrete  between. 


Hennebique  System 

M.  Hennebique  constructed  floors  of  reinforced  concrete  in  1879,  and  has  been 
connected  with  this  form  of  construction  since  that  date. 

His  syBtem,  however,  was  not  brought  out  imtil  1892,  when  he  became  almost 
exclusively  a  constructor  in  this  material.  M.  Hennebique  was  one  of  the  first  to 
introduce  the  reinforced  concrete  beam,  and  has  been  frequently  represented  as  its 
original  inventor,  although  Coignet  and  Cottan9in  in  France,  Moller  in  Germany, 
and  Ransome  in  America  introduced  this  method  of  construction  at  about  the 
same  time,  and  reinforced  concrete  beams  have  been  used  frequently  in  England 
as  window  lintels  since  before  1870. 

Floors. — The  floors  on  this  sys- 
tem are  formed  in  several  different 
ways,  that  most  commonly  employed 
being  the  flat  single  floor  with  ex- 
posed beams.  A  general  view  of 
this  type  of  floor  with  its  support- 
ing beams  and  columns  is  very 
clearly  shown  (Fig.  83).  The  floor 
slab  is  shown  here  with  only  one 
series  of  reinforcing  rods,  but  both 
longitudinal  and  transverse  rods 
are  usually  employed. 

The  floor  rods  are  in  two  series, 

one  bent  up  to  pass  over  the  support 

near  the  upper  siu*face  of  the  slab, 

and  the  other  set  straight  throughout  and  being  embedded  near  the  lower  surface. 

The  rods  are  placed  alternately,  one  straight  and   the  next   bent   up  over  the 
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Bupports.     The  hoop-iron  stimips,  which  are  a  feature  of  this  system,  are  placed 
near  the  supports  to  resist  the  shearing  stresses.     These  stirrups   are  formed  as 
shown  (Pig,  84),  and  pass   under   the   rods,    their   extremities 
being  shgbtly  bent  out  and  terminating  near  the  upper  surface 
of  the  concrete. 

Fig.   85  shows  the  general  method  employed  for  reinforcing 
fioor  slabs. 

When  the  slabs  are   freely  supported,    the   bent-up  rods 
are  omitted. 

The  beams  are  reinforced  in  the  same  manner  as  slabs  with 
straight   and   bent-up  rods,  but  in  this  case  the  straight   rods  no,  84 

are  placed  near  the  bottom  surface,  and  the  bent  rods   above 
them.     The  ends  of  the  rods  are  carried  over  the  supports    and    some    distance 
into  the  adjoining  beam  or  wall.     The  main  stirrups  of  the  beams   are   spaced 


further  and  further  apart  from  the  support  towards  the  centre  of  the  span  as  the 
shearing  stresses  diminish  in  a  like  manner ;  a  further  series  of  short  stirrups  are 
placed  over  the  ends  of  the  bent-up  rods  to  secure  them  firmly  to  the  concrete. 
;.  86  shows  the  general  arrangement  of  the  reinforcements  of  beams. 


When  the  depth  of  the  beam  is  too  small  to  obtain  the  neoessaiy  compressive 
resistance  from  the  concrete  alone,  a  further  series  of  straight  rods  is  employed  near 
the  upper  surface. 

The  beams  and  fioor  slab  are  monoUthio,  and  in  consequence  the  beams  are 
designed  as  being  T-section.  When  these  are  freely  supported  the  bent-up  rods 
are  omitted. 

The  column  reinforcement  consists  of  four  or  more  vertical  rods  tied  together 
by  fiat  plates  or  wire  ties  at  frequent  intervals.     The  fiat  plates  are  very  seldom 
employed  at  the  present  time,  preference  being  given  to  the  wire  ties. 
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Fig.  87  shows  the  general  arrargement  of  the  column  reinforcement.  The 
cods  of  the  cotumna  ore  carried  up  well  into  the  beams,  as  shown  in  Fig.  86. 
A  splay  is  formed  on  the  tops  of  the  columns  to  help  the 
beam  in  resisting  the  compressive  stresses  which  are  induced  at 
the  bottom  over  the  supports.  Special  rods  are  placed  in  this 
portion,  either  horizontally,  as  shown  in  Fig.  86,  or  inclined 
parallel  to  the  face  of  the  splay. 

The  bottoms  of  the  column  rods  abut  against  a  plat«  em- 
bedded in  the  foundation   blocks,   as  shown   (Fig.    88).     The 
columns  are  formed  of  various  cross-sections,   and  the  number  of 
'"■  rods  is  also  varied. 

The  fouJidation  blocks  are  formed  so  that  each  side  acts  as  a  cantilever,  and  ue 
generally  reinforced  with  two  sets  of  rods  crossing  one  another,  with  supporting 
stirrups  as  shown  (Fig.  88).  If  the  load  is  great,  several  series  of  crossing  rods  or 
flat  bars  are  employed. 

The  walls  on  the  Hennebique  system,  when  the  pressure  may  occur  on  both 
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sides,  are  reinforced  with  two  series  of  vertical  rods,  one  near  each  face,  each  set 
being  tied  to  the  opposite  face  with  stirrups,  longitudinal  rods  being  placed  in  the 
centre  of  the  wall.  The  general  method  of  wall  reinforcement  is  shown  (Fig.  89). 
If  the  pressiwe  will  only  be  exerted  from  one  side,  the  vertical  rods  are  only  placed 
near  this  face. 

Flat  roofs  are  constructed  in  the  same  manner  as  floors,  but  other  forms  of 
roof  are  frequently  employed  and  are  reinforced  in  various  ways  according  to  the 
nature  of  the  stresses.    A  favourite  form  of  construction  for  factories,  warehouses, 
and  similar  buildings  is  shown  (Fig.  90). 
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The  faces  of  the  buildings  are  formed  in  bays,  which  are  filled  in  either  with 
reinforced  concrete  or  with  brickwork.  The  main  columns  of  the  face,  together  with 
the  floors,  roof,  and  internal  columns,  are  formed  in  place,  but  the  window  and 
door  frames,  sills,  lintels,  and  lesser  uprights  of  the  facade  are  moulded  in  advance 
and  lifted  into  their  proper  positions  as  the  work  proceeds. 


Tronoverse  Secdo 


Longitudinal  Secfion  Z-2 


Double  floors  with  hidden  beams  are  also  frequently  used,  the  ceiling  slab 
and  beams  being  moulded  in  place,  while  the  floor  slab  is  generally  formed  on  the 

ground  and  lifted  into  place  as 
^    the   work  proceeds.       Fig.   91 
shows  a  floor  of  this  type. 

DovbU  waUa  are  also  used 
with  vertical  cross  walls  at 
certain  intervals,  tying  the  two 
portions  together.  The  floor 
slabs  in  this  case  are  carried 
through  the  cavity  and  are 
connected  to  the  outer  wall. 

Stairways  are  constructed 
in  many  ways ;  a  common 
method  is  that  shown  (Fig.  92). 
The  foot  and  top  of  the  stairs 
are  finished  against  beams  of 
p,g   92  tlis    landing   slabs  ;    the    rein- 

forcement consists  of  bent  and 
straight  rods  arranged  in  a  similar  manner  to  that  described  for  floor  slabs.     The 
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Btirrnps  are  placed  at  each  step,  and  tie  the  remforcemeot  to  the  concrete  of  the 
step. 

Overhanifing  stairs,  supported  cantilever-wise  from  the  walls,  are  formed  in 
different  ways.     In   one  method  the  slab  carry- 
ing the  steps  is  reinforced  as  a  cantilever  in  the 
manner  shown  (Fig.  93),  the  main  rod  being  tied 
well  bach  into  the  wall  at  ite  two  ends. 

A  longitudinal  rod  of  large  diameter  is  placed     H  Pj^   ^3 

near  the  bottom  at  the  outer  edge  of  the  slab, 
being  clasped  by  the  main  rods.  This  acts  as  a  kind  of  stringer  and  is  carried 
acme  feet  into  the  concrete  of  the  landings.  The  slab  is  also  reinforced  with  small 
longitudinal  rods  resting  on  the  lower  arm  of  the  main  reinforcements.  Stirrups 
are  placed  at  increasing  intervals  apart  from  the  support  towards  the  end. 

Another  method  employed  for  overhanging  stairs  is  to  carry  the  upper  portion 
of  the  main  cantilever  rod  into  the  steps  themselves,  which  makes  a  much  stiffer 
stairway.  In  other  respects  the  reinforcement  is  very  much  the  same  as  described 
above. 

Arched  floors  of  the  type  shown  {Fig.  fi4)  are  sometimes  adopted.  In  this  case 
there  are  three  series  of  longitudinal  rods,  one  set  being  straight  and  placed  near 
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the  top  surface,  another  being  curved  to  follow  the  intrados,  while  the  third  follows 
the  intrados  through  the  central  portion  of  the  span,  but  is  bent  up  near  the  sup- 
ports, and  passes  over  these  in  the  neighbourhood  of  the  upper  surface.  All  the 
longitudinal  reinforcements  are  well  tied  together,  and  to  the  opposite  face  by  cross- 
ties.  A  series  of  transverse  rods  is  also  employed,  being  placed  just  above  the  lower 
reinforcement. 

The  concrete  of  the  arches  is  sometimes  carried  over  the  supports,  the  bottom 
rods  overlapping  in  the  same  manner  as  those  at  the  top. 

Different  types  of  retaining  vxiUs  are  shown  in  Fig.  95.  These  walls  are  formed 
of  a  thin  slab  with  ribs  at  the  back,  both  the  slabs  and  ribs  being  connected  to  a 
foundation  slab.  In  the  walls  shown,  there  is  also  a  rib  in  the  front  at  the  toes, 
but  this  is  sometimes  omitted. 

For  very  high  walls,  as  that  shown  (Profile  No.  1),  a  second  foimdation  slab  is 
placed  at  a  higher  level  than  the  bottom  of  the  wall,  to  increase  the  resistance. 
The  tendency  of  the  wall  being  to  overturn  at  its  toe,  the  ribs  at  the  back  are  in 
tension,  the  wall  being  virtually  held  up  by  the  weight  of  the  earth  on  the  foundation 
slabs. 
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The  wall  slab  itaelf  haa  only  to  Bupport  the  thmst  of  the  ground  between  the  ribs, 
and  acta  in  very  much  the  same  manner  as  a  floor  Blab.  The  profiles  shown  in  Fig.  95 
are  those  used  for  the  oonBtructiou  of  the  retaining  wall  for  the  Quay  Cebilly, 
Paris. 

M.  Hennebique  commenced  constructing  reinforced  piles  in     , , 

1896.  •  '  -j- 

The  8ohd  square  pOe  is  formed  as  shown  (Fig.  96),  except-  ^ 

ing    that   the   tube  for  a  water  jet  is  very  seldom   employed.  J 

The  reinforcement  is  very  similar  to  that  of  the  columns,  but  "^ 

the  wire  cross-ties  are  placed  nearer  together.     The  tops  of  the  \ 

rods  are  generally  about  2  inches  below  the  concrete  at  the  head.  ^ 


Plan  dim  paimuu  tunanc 


The  toe  is  formed  with  an  ordinary  pile  shoe,  the  straps  of  which  are  turned  in  at 
the  top  to  form  a  hold  in  the  concrete.  The  rods  are  bent  in  at  the  foot,  and  bear 
figainst  the  bottom  of  the  shoe. 

Sheet  piles  are  constructed  in  much  the  same  manner,  being  generally  reinforced 
with  six  vertical  rods  tied  together,  in  both  directions,  in  the  horizontal  planes. 
A  semi-circular  chase  is  formed  down  the  edges  of  each  pile,  and  the  hole  formed 
by  these  chases  when  the  piles  are  driven  side  by  side  is  filled  in  with  grout.    The 
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pOe8  can  be  made  of  any  length,  and  are  also  occasionally  lengthened  by  the  con- 
crete being  broken  away  for  some  distance,  and  fresh  rods  inserted  overlapping 
the  old  ones,  after  which  a  further  length  of  concrete  is  added  ;  but  this  is  far  from 
good  practice  and  is  very  seldom  resorted  to. 

14  X  I^rinch  piles  have  been  driven  with  a  2-ton  monkey   having  a  drop  of 
6  feet,  and  the  driving  of  12  x  12-inch  piles  with  a  30-cwt.  monkey  and  a  drop 
of  4  feei  is  quite  usual.     The  piles  are  connected  to  the  capping  by  having  the 
concrete  bnJwn  away  for  some  distance  down,  so  that  the  pile  rods  may  penetrate 
into  the  concrete  of  the  cap- 
ping.    A  general  view  showmg 
the  manner  of  constructing  re- 
taining walls  with  pile  f ound** 
tions  is  shown  (Fig.  97). 

Several  types  of  arched 
bridges  are  employed  by  M. 
Heunebique.  A  favourite  form 
is  constructed  with  arched  ribs, 
reinforced  in  the  same  manner 
as  shown  in  Fig.  94,  supporting 
the  decking  either  directly  or 
with  the  intervention  of  cross 
beams.  In  some  cases  the  ribs 
have  a  curved  extrados,  and  the 
spandrils  are  open,  being  formed 
of  columns  resting  on  the  ribs 
and  connected  at  the  top  by 
transverse  and  longitudinal 
beams  or  arches.  The  trans- 
verse reinforcement  in  the  ver- 
tical plane  for  large  arches  is 
arranged  as  shown  in  Fig.  94, 
thus  tying  the  upper  and  tower 
rods  securely  together.  In  an- 
other type  the  ribs  are  hidden 
by  having  slabs  at  the  intrados 
and  eztradoe,  in  much  the  same 
way  as  in  a  flat  floor  with  hid- 
den beams.  The  arch  formed 
on  this  type  has  the  appear- 
ance (A  a  solid  arch.  Fig.  98  Fu,.  97 
shows  a  longitudinal  section  at 
the  springing  and  a  cross-section  at  the  crown  of  an  arch  of  this  type. 

Corbela  or  cantilevers  are  also  employed  by  M.  Hennebique.  These  are  gener- 
ally straight  along  the  top,  while  the  under  side  is  formed  to  a  curve.  They  have 
a  reinforcement  of  upper  and  lower  rods,  the  upper  rods  being  anchored  back 
and  both  sets  of  rods  being  tied  seciu'ely  to  the  opposite  face  by  stirrups. 

The  reinforcements  for  pipes  and  circular  reservoirs  consist,  as  in  the  Monier 
system,  of  spirals  or  hoops  of  round  rods,  with  a  series  of  distribution  rods  bearing 
against  the  circular  reinforcements. 
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This  system  is  re- 
presented in  England 
by  Mr.  L.  G.  Mouchel, 
38,  Victoria  Street, 
Westminster.  All  the 
work  is  done  by  licensed 
constructors,  but  the 
designs  and  specifica- 
tions are  prepared  by 
Mr.  Mouchel,  and  the 
works  axe  generally 
supervised  by  him  dur- 
ing construction. 

Amongst  the 
licensed  constructors  of 
this  sjrstem,  Messrs. 
JohnAird  &  Sons  (con- 
tractors) and  Messrs. 
W.  Cubitt  &  Ck). 
(builders)  may  be  men- 
tioned. Both  these  and 
the  other  firms  who 
have  taken  up  this 
form  of  construction 
thoroughly  appreciate  the  care  necessary  iki  the  execution  of  the  work  and  selec- 
tion of  the  materials. 

The  New  York  agent  for  M.  Hennebique  is  Mr.  R.  Baffrey,  1123,  Broadway, 
New  York  Qty,  U.S.A. 

M.  Hennebique's  chief  oflSces  are  at  1,  Rue  Danton,  Paris,  occupying  part  of 
a  house  built  entirely  on  this  system. 


The  Herbst  System 

In  this  system  the  floors  are  formed  of  hollow  concrete  blocks,  as  shown  (Pig. 
99).  The  blocks  are  formed  with  rebates  along  their  lower  edges,  which  rest  on 
the  ledges  of  reinforced  concrete  ribs  placed  between  the  rows  of  blocks.     The 
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upper  edges  of  the  blocks  are  bevelled  off  to  leave  a  space  for  the  floor  concrete, 
which  is  deposited  over  them,  engaging  the  ribs  in  the  recesses  left  by  the  bevelled 
edges.  The  EngUsh  patents  for  this  system  are  held  by  Mr.  H.  C.  Werner,  of  6, 
Westminster  Palace  Gardens,  Artillery  Row,  S.W. 
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Kahn  System 

This  eystem  was  introduced  in  1903  by  Mr.  Julius  Kahn,  of  Detroit,  Michigan, 
U.S.A.,  and  has  become  one  of  the  leading  systems  in  America.  A  branch  was 
established  in  London  in  1906,  under  the  name  "  Trussed  Concrete  Steel  Com- 
pany," at  Caxton  House,  Westminster,  S.W. 

The  main  feature  of  the  Kahn  system  is  the  form  of  bar  employed ;  It  is  formed 
of  a  diamond  section  with  projecting  wings,  the  wings  being  sheared  oS  along  the 
edge  of  the  bar  and  bent  up.     In  this  manner  the  shearing  members  are  rigidly 


connected  with  the  main  longitudinal  bars,  which  is  a  very  excellent  and  desurable 
feature.  Figs.  100  and  101  show  two  different  forms  of  bar.  The  bars  ordinarily 
nsed  are  of  the  following  i 
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i            i            u 

t                                       3} 
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A  method  extensively  used  in  lintel  construction  is  shown  (Fig.   102),    toe 
(■bearing  reinforcements  in  this  case  being  riveted  to  a  horizontal  bottom  plate 
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An  ordinary  form  of  floor,  as  coiiBtructed  on  the  Kahn  system,  is  shown  (Fig. 
103),  principal  and  secondary  T  beams  being  employed  in  the  usual  manner. 
Columns  are  of  the  ordinary  square  section  and  are  reinforced  by  the  patent 
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bars,  the  shear  members  being  turned  towards  the  centre  of  the  column  form  assist 
in  resisting  the  tendency  of  the  concrete  to  shear  along  inclined  planes. 

Foundations  are  formed  in  the  usual  way  by  slabs  reinforced  at  the  bottom 
with  two  layers  of  Kahn  bars  crossing  one  another  at  right  angles. 


.AiysmcKor 
HAMM  avarrBi>«or  hgiaowt  tsue 

** .00 

Fig.   104 


Messrs.  Kahn  also  construct  floors  and  roofs  of  hollow  tiles  set  4  inches  apart,  and 
supported  by  reinforced  beams  moulded  between  them,  as  shown  (Fig.  104).     When 
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the  floor  has  a  large  area  audthia  type  is  adopted,  Uie  tranaverae  beaon  aapporttng 
the  hdlow  (ilea  are  monolitbioally  moulded  with  deep  principal  reinforced  beuuB,  as 
shown  in  the  figure,  bat  for  Bhart  spans  no  principal  beams  are  necessary.    Messrs. 


KaliQ  ako  employ  their  bars  for  the  construction  of  various  engineering  woiks 
including  retaining  waJla,  dams,  reserroirs,  silos,  tiinnelB,  eewers,  straight  and  arched 
bridges,  culverts,  dock  walls,  and  jetties.    Fig.  105  shows  types  of  retaiiting  walls 
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for  heights  of  6  to  10  feet  and  12  feet  and  upwards ;  for  very  high  retaining  walls  a 
type  is  employed  similar  to  that  shown  (Profile  No.  l,Fig.  95),  but  with  the  upper 
slab  projecting  direct  from  the  face  slab.  The  form  of  dams  is  very  similar  to 
that  shown  (Fig.  285,  p.  209). 

A  bar  is  also  sometimes  employed  with  projecting  shoulders  which  grip  per- 
forated square  washers  {vide  Fig.  205,  p.  149).  Piles  are  constructed  in  a  similar 
manner  to  the  Hennebique  type,  but  reinforced  with  Kahn  bars  in  the  same  way  as 
columns. 


Klett  System 

This  system  of  floor  or  roof  construction  is  patented  by  the  Vereioiget 
Machinenfabrik,  Augsburg-und,  Maschinenbaugesellschaft,  Niimberg,  of  100, 
Katzwanger  Strasse,  Niimberg,  Germany,  and  represented  in  England  by  F.  H. 
Rudolph,  68,  Victoria  Street,  Westminster. 

Boiled  joists,  or  light  girders  of  T-irons  and  diagonal  bracing,  are  employed 
for  beams,  and  these  have  sufficient  strength  in  themselves  to  suppore  the  centring 
and  the  weight  of  the  men  and  materials  during  the  formation  of  tht  slabs. 

The  bottom  of  the  concrete  of  the  floor  is  formed  with  curves  near  the  sup- 
porting beams  or  walls  to  increase  the  compressive  resistance  of  the  underside  at 
these  places. 
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The  reinforcement  of  the  slab  consists  of  flat  iron  rods,  some  extending  from 
beam  to  beam,  being  either  atta^ched  to  the  top  flanges  by  being  bent  round,  or 
extend  over  into  the  adjoining  slab.  These  bars  are  depressed  towards  the  centre 
of  the  span  in  the  manner  of  suspension  bars. 

Further  flat  bars  are  placed  between  these,  and  extend  for  various  distances 
into  the  slab  as  shown  (Fig.  106).  The  bars  are  usually  connected  in  the  transverse 
direction  by  angle  irons,  as  shown  (Figs.  106  and  107),  and  further  short  pieces  of 
angle  iron  are  attached  to  the  through  bars.     In  Figs.  106  and  107  the  short  bars 
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follow  the  same  curvatare  as  the  through  bars,  and  all  the  reinforcements  are 
hooked  over  the  top  flange  of  the  supporting  beams.  Fig.  108  shows  a  form  of 
6o<Mr  reinforcement  without  the  trans- 
Terse  angle  irons,  in  which  the  short 
bars  are  horizontal.  Fig.  109  shows  a 
plan  of  the  reinforcements  of  a  floor  of 
this  type,  in  which  the  through  bars 
are  booked  over  the  beams,  while  the 
short  reinforcements  extend  into  the 
adjoining  slab.  When  the  slabs  pass 
over  a  wall  the  bars  are  inserted,  as 
shown  (Fig.  110). 

Sometimes  the  intermediate  bars 
are  continued  so  as  to  extend  beyond 
the  centre  of  the  slabs,  to  assist  in  re- 
sisting the  compressive  stress,  as  shown 
(Fig.  Ill),  or  they  are  carried  right 
through  from  beam  to  beam  or  through 
several  bays.  The  main  suspension 
bars  are  not  shown  in  this  figure. 

Koenen  System 

The  object  aimed  at  in  the  Koenen 
system  of  reinforced  concrete  floors 
{represented  in  London  by  Mr.  E.  B. 
Roxby,  18,  Festherstooe  Buildings, 
Holbom,  W.C.)  is  that  of  obtaining 
practically  an  absolute  building  in  by 
securely  anchoring  the  reinforcementi^ 
to  the  walls  and  girders.  It  was  intro- 
duced in  1898  and  has  been  exten- 
sively employed  on  the  Continent. 

Rolled  joists  are  employed  an 
beams  in  this  system,  and  are  em 
bedded  in  concrete. 

The  reinforcement  of  the  floor 
nlab  consists  of  a  series  of  round  sus- 
pension rods  securely  fixed  to  the  top 
Banges  of  the  joists  by  being  hooked 
over,  or  firmly  anchored  bock  to  the 
walls.  These  suspension  rods  follow 
the  curve  of  the  bending  moments  for 
a  built-in  slab,  and  consequently  take 
up  the  shearing  stresses. 

The  concrete  of  the  floor  is  (ffched 
near  the  supports  to  offer  more  resist- 
ance to  the  compressive  stresses,  which 
*re  greatest  at  this  point,  in  the  case  of  a  perfectly  built-in  piece. 

Fig.  112  shows  a  longitudinal  section  and  plan  of  the  centre  bay  of  a  floor  on 
il^  ^stem. 
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Thweare  several  methods  adopted  in  forming  the  Hootb.  Fig.  113  shows  th» 
reinforcement  for  a  floor-slab  where  the  reinforcing  rods  are  not  anchored  bock  to 
the  wall ;  in  this  case  the  rods  follow  the  lower  surface  to  the  centre  <^  the  spaii, 
and  from  this  point  are  bent  up  and  hooked  over  the  top  flange  of  siq^mrting  joista. 

Fig.  Ill  shows  the  arrangement  of  the  reinforcement  when  there  are  do  joists, 
but  the  floor  continues  on  the  further  side  of  a  wall ;  the  rods  have  the  same  ctured 
form  as  when  joists  are  employed,  and  pass  through  the  wall  near  ibo  upper  sttrface 
of  the  floor  slab,  being  continued  into  the  next  floor. 

The  anchors  to  the  walls  are  formed  by  hooked  rods  attached  to  vertical  pieces 


of  iron  built  into  the  wall.  At  the  outer  end  the  anchor  rods  are  hooked  round  a 
flat  iron  bar,  which  runs  along  the  face  of  the  wall,  and  receives  the  hooked  ends 
of  the  suspension  rods.    Sometimes,  instead  of  passing  the  suspension  rods  through 


a  division  waU  into  the  next  floor,  a  series  of  anchor  rods  are  built  through  the  wall, 
supporting  longitudinal  flat  bars  on  both  sides  in  the  same  manner  as  described 
above. 

These  floors  have  been  subjected  to  severe  load  and  fire  tests  with  good  results. 
They  form  an  economical  flooring  for  spans  of  from  6  to  20  feet. 

A  patent  for  a  floor  on  a  very  similar  suspension  principle  was  taken  out  ia 
England   in  October,  1864,  by  Mr.  W.  B.  Wilkinson,  founder  of  the   firm  of     I 
W.  B.  Wflkinson  &  Co.,  Newcastle. 

Locher  System 
The  beams  of  this  system  are  entirely  different  from  any  other,  in  that  the      i 
reinforcements  are  placed  so  as  to  follow  the  direction  of  the  lines  taken  by  the 
combined  tensile  stresses  in  a  beam  freely  supported  at  the  ends.    The  reinforce- 
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ments  consist  of  flat  bars  laid  on  their  widest  side.  They  are  placed  in  layers,  each 
bar  being  horizontal  through  the  centre  of  the  span,  and  are  bent  up  at  a 
different  distance  from  the  supports.  F^.  115  shows  the  longitudinal  and  Fij;. 
116  the  cross-section  of  a  beam. 
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It  will  be  seen  that  the  beam  is  shown  built  in  at  the  ends.  This  form  of 
reinforcement,  though  it  would  wholly  resist  all  the  direct  tensile  stresses  and  also 
the  sheuing  stresses  in  a  freely  supported  beam,  should  be  somewhat  altered 
for  a  built-in  beam ;  since  the  bent-up  bars  do  not  provide  for  the  tensile  stress 
induced  in  the  upper  portion  by  the  building  in. 

Maciachini  System 

SigDor  Maciachini,  engineer  and  constructor  of  Milan,  had,  until  a  recent  date, 
occupied  himself  with  constructions  in  reinforced  concrete  on  the  Walser  Gerard 
System.  The  interetituig  experiments  of  M.  Considere  encouraged  Signor  Macia- 
chini to  introduce  a  system  of  reinforcement  in  the  construction  of  beams  based 
on  the  hooping  of  concrete.  Signor  Maciachini's  object  has  been  to  discover  the 
beet  method  to  effect  such  a  hooping  to  benefit  the  concrete  both  on  the  compressive 
and  tensile  side  of  a  beam. 

The  efficient  hooping  is  not  easily  effected  for  a  betun,  since  the  moulding 
must  be  done  horizontally  if  formed  in  situ, 
and  the  fabrication  in  advance  of  such  apiece 
causes  the  loss  of  many  advantages.  To  ob- 
tain a  hooping  practicable  and  at  the  same 
time  effectual,  for  a  beam  moulded  m  situ. 
Signer  Maciachini  forms  his  reinforcement  as 
shown  (Fig.  117). 

The  hooping  wires  of  a  suitable  diameter 
are  as  long  as  possible,  and  are  bent  up  and 
down  before  being  placed  in  position,  the 
height  being  that  of  the  width  or  depth  of 
the  beam,  less  about  1*6  inches  to  allow  for 
a  covering  of  0-8  inches  of  concrete  on  all 
sides. 

The  bottom  and  side  hoopinga  are  placed  '""  ' 

together,  in  the  manner  shown  (Fig.  118),  so  that  when  they  are  all  connected 
these  reinforcements  appear,  as  shown  (Fig.  119). 

After  0-8  inches  of  concrete  has  been  deposited,  the  hoopings  are  put  in  position 

with  the  bottom 
rods  at  the  angles. 
The  filling  is  then 
brought  up  and  well 
rammed,  until  it 
reaches  the  level  of 
the  top  rods.  These 
are  then  put  in 
place  and  the  top 
portion  of  the  hoop- 
ing is  threaded 
through  the  top 
loops  of  the  sides  and 
bent  backwank  and 
forwards,  as  shown 
Fro.  118  Fro.  119  (Fig-   117)- 
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After  this  operation  is  completed  the  remainder  of  the  concrete  is  added. 

Fig.  120  is  a  cross^section  of  a  beam  of  this  form. 

Signer  Maciachini  occasionally  adds  a  further  vertical  reinforcement,  as  shown 
(Fig.  121). 

Fig.  122  is  a  longitudinal  elevation  of  a  freely  supported  beam  reinforced  on  the 
Maciachini  system.     To  discover  what  advantage  is  gained  by  this  method  of 
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reinforcement,  beams  as  shown  in  cross-section  in  Figs.  120  and  121  and  of  the 
dimensions  given  on  the  figures  were  tested  against  a  beam  of  the  ordinary  type  of 
dimensions  shown  in  Fig.  123. 

The  weights  of  reinforcement  and  proportions  for  the  concrete  were  as  follows— 

TABLE  IV. 


Weight  of  Reinforcement 
Founds 

Proportions  of  Concrete 

• 

Cement 
Pounds 

S<uid 
Cubic  yards 

Stone 
Cubic  y&rds 

Fig.  120        •.         . 
Fig.   121         ..         . 
Fig.  123         ..         . 

170-28 
170-72 
17314 

710 
505 

0-33 

»» 
0-33 

OGG 
006 

The  total  depth  of  the  beams  Figs.  120  and  121  was  12  inches,  and  that  of 
the  beam  Fig.  123  was  14  inches. 

The  tests  were  made  twenty  days  after  moulding,  which  perhaps  gave  a  slight 
advantage  to  the  beams  of  the  richer  concrete.  The  table  below  gives  the  deflec- 
tions measured  for  the  three  beams  under  increasing  loads,  and  clearly  shows  the 
advantage  gained  by  the  hooping,  and  also  that  the  addition  of  the  central  vertical 
reinforcement  adds  considerably  to  the  stiffness. 

TABLE  V. 


Unifoimly  Distributed  Load 

Deflection  at  Centre  in  Millimetres 

Pounds  per  square  foot 

Beam  Fig.  120 

Beam  Fig.  121 

Beam  Fig.  123 

41-76 
6219 
82-63 
103-07 
123-50 
133-83 
14405 
154-27 
164-50 
184-93 
205-37 

0000 
0000 
0100 
0-170 
0260 
0-300 
0-570 
0-690 
0-850 
0-910 
0-990 

0-000 
0000 
0-000 
0-110 
0190 
0-260 
0-310 
0-390 
0-590 
0-690 
0-860 

0-000 
0-220 
0-890 
0-610 
1140 
1-196 
2-780 

The  tests  were  not  con- 
tinued for  these  loads. 
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It  will  be  noticed  that  under  a  load  of  144-05  poazKb  per;Bqaax&foot  the  de6ee- 
tion  of  beam  Fig.  123  was  nearly  five  times  ae  great  as  that  of  beam  fig.  13), 
and  over  nine  times  as  great  as  that  of  beam  Fig.  121,  and  that  the  deflection  of 
beam  Fig.   120  was  nearly  double  that  of  beam  Fig.   121. 

The  concrete  for  the  two  beama  of  the  Maciachini  system  being  of  richer  pro- 
portions would  increase  their  stiffness,  but  this  would  only  account  for  a  vma& 
portion  of  the  difierenoe  in  the  deflections. 

Signor  Maciachini  has  also  patented  a  column  reinforcement  formed  in  the 
same  manner  as  that  shown  {Pig,  118)  with  looped  wires. 
Fig.  124  shows  a  section  of  a  hexagonal  column. 

It  seems  that  the  effect  of  the  hooping  of  the  Ma- 
ciachini beams  would  be  improved  if  further  longitudinal 
rods  of  small  section  were  placed  along  the  top  and  the 
sides  to  act  as  distribution  rods. 

M.    Consid^re  found  it  beneflcial  to  use  longitudinal 

rods  for  his  hooped  columns. 

p^     .„.  It  appears  also  that  the  comparative  width    of  the 

loops  m^ht  allow  them  to  close  up  somewhat,  allowing 

the  hooping  to  stretch  with  the  swelling,  but  it  is  probable  that  the  "  adhesion  " 

of  the  concrete  would  prevent  such  a  movement. 

Matrai  System 

Herr  Matrai,  an  engineer  of  Hungary,  and  formerly  a  Professor  at  the  Poly- 
technic of  Budapest,  was  for  some  time  employed  in  the  exploitation  of  the  Monier 
patents,  and  had  the  supervision  of  many  important  works.  The  failure  of  a  bridge, 
which  to  all  appearances  had  been  constructed  under  the  best  conditions,  led  him 
to  direct  bis  attention  to  the  invention  of  a  system  which  was  not  dependent  on  the 
execution  or  the  materials  of  which  the  concrete  was  made.  In  this  system  the 
metallic  skeleton  of  beams  and  Soots  is  designed  to  resist  all  the  stresses,  and  the 
resistance  of  the  concrete  is  entirely  neglected. 

In  the  Matrai  system  steel  wires  are  employed  which  are  given  the  curves 
which  they  would  naturally  take  under  the  load.  These  wires,  or  the  cables  into 
which  they  are  sometimes  twisted,  resist  entirely  by  tension.  The  employment 
of  steel  wires  of  the  best  quality  and  of  small  diameter  allows  the  adoption  of  a 
safe  stress  of  21,350  to  28,450  pounds  per  square  inch. 

As  the  concrete  is  only  used  as  a  filhng  and  for  distributing  the  load  over  the 
reinforcement,  an  economical  mixture  may  be  used  such  as  a  lime  concrete  or  a 
poor  cement  concrete. 

M.  Matrai  hkens  his  system  to  a  spider's  web  firmly  attached  to  the  points  of 
support. 

This  system  has  been  employed  with  success  in  Hungaiy,  Austria,  Russia 
Italy,  France  and  America. 

Bea-na. — M.  Matrai  employs  rolled  joists  or  light  built-up  N.  Girders  as  beams. 
These  he  fiui^her  strengthens  by  a  steel  wire  suspension  cable  on  either  side.  These 
cables  are  suspended  from  loops  either  anchored  back  into  the  walls,  as  shown 
(Fig.  125),  or  simply  passed  over  the  end  of  the  beam  ae  shown  (Fig.  126),  The 
.suspension  cables  act  entirely  in  tension,  and  relieve  the  girders  considerably. 

The  drop  of  the  cables  is  usually  the  depth  of  the  beam,  and  as  they  require 
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three  or  four  times  less  metal  than  an  ordinary  beam  having  the  depth  of  their  drop 
to  support  the  same  load,  they  form  a  very  economical  reinforcement.  The  cables. 
Mxd  (i^fita  are  generally  so  designed  that  each  carries  half  the  total  load. 


Floors. — The  reinforcement  of  Matrai  floors  is  formed  of  suspension  wires  or 
small  cables,  in  various  manners,  according  to  the  requirements.  There  are  always 
some  running  across  the  span,  and  also  at  least  two  diagonally,  these  last  being 
generally  cables. 

The  usual  methods  are  shown  in  Figs.  127  and  128.    The  object  of  the  diagonal 


crossing  wires  is  very  ingenious.  It  will  be  noticed  that  their  ends  are  attached  at 
different  points  along  (he  beams ;  the  effect  of  this  disposition  is  to  equalize  the 
bending  moments  on  the  beams,  as  shown  in  Figs.  129  and  130. 

Fig.  129  shows  the  effect  on  the  diagram  of  bending  moments  caused  by  attach- 
ing these  diagonal  wires  at  increasing  distances  apkrt  from  the  supports  towards 
the  centre,  as  in  Fig.  127,  and  Fig.  130  that  of  bringing  all  the  attachments  to  the 
two  ends,  as  shown  in  Fig.  128. 

Considering  Figs.  127  and  129.  The  beam  supports  two  loads  of  Q  in  such  a 
manner  that  the  forces  are  represented  by  the  ordinates  of  the  curve  0  H I L  K,  the 
area  QU  I  LK  DC  being  double  the  rectangle  E  F  DC,  which  represents  a  load  P 
equal  to  Q,  but  uniformly  distributed.     The  centres  of  gravity  of  the  loads  Q  are 

at  a  distance  of  —  from  the  extremities  of  the  beam.     In  the  bottom  part  of  the 

figure,  the  curves  of   the  bending   moments  correspond   to   the  loads  2  Q  and  P. 
It  can  be  seen  that  the  ordinates  of  the  curves  ab^^cd^e  for  the  load  2  Q,  are 
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very  nearly  constant  and  equal  to  c  /  for  some  distance  each  side  of  the  centre,  while 
those  of  the  curve  ab  c  d  e,  corresponding  to  a  beam  loaded  uniformly  with  a  load 

P  =  — —,  decrease  rapidly  towards  the  supports. 


M.  mpjc.  2JL 


Fig.   129 


Fia.  130 
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It  is  evident y  then,  that  if  the  load  2  Q  is  distributed  over  the  extremities  of 
the  span  in  the  above  manner,  it  is  possible  to  employ  a  beam  of  half  the  resist- 
ance necessary  for  the  same  load  uniformly  distributed. 

If  the  loads  are  distributed  as  shown  in  Figs.  130  and  128  following  the  ordi- 
nates  of  the  rectangles  OHIO  and  L  K  D  M,  ot  which  the  total  area  equals  2  Q, 

if  the  centres  of  gravity  of  these  two  rectangles  fall  at  a  distance  of  —  from  the  sup- 
ports,  we  obtain  the  curve  of  bending  moments  a  b^c  d^  e  which  further  equalizes 
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the  stresses  on  the  beam.     In  practice  this  effect  is  obtained  by  attaching  the  wires 
at  equal  spaces  apart  on  the  two  extreme  quarters  of  the  beams. 

Fig.  131  shows  Tarioiis  methods  adopted  for  the  disposition  of  the  cables  and 
wires. 

The  bays  marked  I  and  III  have  the  wires  placed  so  as  to  distribute  the  load 
equally  over  the  beams,  which  only  support  half  the  load,  being  assisted  by  the 
diagonal  cables,  which  are  calculated  to  take  the  other  half. 

In  bay«  II,  IV  and  V  the  diagonal  cables  are  not  sufficient  to  transmit  half 
the  load  to  the  extremities  of  the  beams,  and  they  are  supplemented  by  diagonal 
wires. 

The  transverse  wires  in  bay  VI  are  sufficient  to  distribute  the  load  equally  over 
the  walls,  and  the  diagonals  and  longitudinab  are  only  employed  to  intertie  the 
transverse  wires. 

The  upper  surface  of  the  concrete  for  the  floor  slabs  is  usually  hollow,  following 
the  curve  of  the  wires.  This  hollow  is  filled  in  with  cinder  or  coke  breeze  concrete, 
into  which  nails  can  be  driven  if  necessary  to  fix  fioor  boards,  or  pieces  of  timber 
may  be  embedded  in  this  filling,  to  which  the  floor  boards  may  be  nailed. 

The  lower  surface  of  the  concrete  around  the  reinforcements  is  generally  flat, 
and  sapplementary  short  loops  of  wire  are  fastened  to  the  main  wires  near  the 
beams,  to  support  the  concrete  where  it  thickens  out. 

When  it  is  formed  to  an  arch,  as  in  bays  V  and  VI  (Fig.  131),  there  is  no  need 
to  have  any  auxiliary  supporting  wires. 

It  may  also  be  curved,  following  the  curve  of  the  sus- 
pension wires,  as  in  bay  IV  (Fig.  131). 

The  tension  in  the  cables  and  wires  is   calculated  by 

P  I 

the  usual  formula — T  = ,  where  T  is  the  tensile  stress, 

8  V 
I  the  span,  and  v  the  drop. 

The  floor  suspension  wires  are  fixed  to  the  beams  by 
simply  enrolling  them  round,  but  when  they  have  to  be 
attached  to  walls  they  are  fastened  to  cables  supported  by 
loope  anchored  into  the  wall  by  vertical  rods,  or  passing 
through  it,  as  shown  in  bays  I,  IV,  V,  and  VI  (Fig.  131). 
The  main  diagonal  cables  are  secured  direct  to  loops  either 
anchored  in  to  the  walls  or  passing  round  the  ends  of  the 
beams. 

Columns. — Herr  Matrai,  as  a  general  rule,  considers  the 
concrete  of  his  columns  as  resisting  the  vertical  stress  and 
the  steel  for  resisting  the  lateral  stresses  only.  But  if  neces- 
sary he  reinforces  the  concrete  by  vertical  I-irons.  He  does 
not  attempt  to  reduce  the  sectional  area  of  his  columns,  for 
the  reason  that  he  considers  the  appearance  is  better  if  the 
colniUDB  are  of  fairly  large  size,  and  by  employing  columns  of 
lai^  sectional  area  he  can  make  them  of  a  poorer  concrete, 
and  thus  gain  in  economy. 

Fig.  13-2  shows  the  reinforcement  of  an  ordinary  column 
without  any  vertical  bars  ;  the  reinforcements  are  in  the 
form  of  parabohc  cables,  with  a  drop  nearly  equal  to  the 
width  of  the  column,  secured  to  a  ring  at  the  top  and  to  verti-  ita'^^m 
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oal  hooked  bars,  extending  into  the  foundation,  at  the  bottom.    The  parabolic 
cables  are  considered  necessary  to  prevent  any  lateral  flexure. 

If  the  column  of  concrete  only  is  not  sufficient  to  resist  the  vertical  stresses, 
small  rolled  joists  are  placed  vertically  in  the  concrete,  as  shown  (Fig.  133),  the 

extremities  of  the  parabolic  cables  being  attached  to  them. 
Herr  Matrai  also  employs  a  hollow  column  of  the  form 
shown  (Fig.  134).  The  parabolic  cables  in  this  case  are 
placed  as  shown  within  the  thickness  of  the  shell,  and  fur- 
ther cables  are  placed  on  each  side  of  each  joist,  their  drop 
being  equal  to  the  depth  of  the  web. 

Walls. — The  reinforcement  for  walls  is  arranged  as  shown  in  Fig.  135.  The 
vertical  stresses  are  resisted  by  the  concrete,  and  the  small  I-bars  and  the  lateral 
stresses  by  parabolic  cables  attached  at  their  extremities  to  the  joists.    If  the 

thrust  is  only  exerted  on  one  face  it  is  only 
necessary  to  employ  one  set  of  cables,  but 
if  the  thrust  may  be  in  both  directions  two 
sets  are  inserted. 

The  concrete  is  also  held  together  by  a 
diagonal  network  when  only  compression  is 
anticipated,  but  if  bending  may  occur  the 
wires  of  the  network  are  placed  vertically 
and  horizontally. 

If  the  wall  has  an  opening  in  it  a 
suspension  cable  with  a  deep  drop  is  sup- 
ported from  the  ends  of  the  upper  beam,  and 
embedded  in  the  concrete  of  the  wall. 

Stairs. — The  stairways  of  this  system 
are  formed  very  much  in  the  same  way  as  floors,  the  loads  supported  by  the  steps 
being  carried  by  parabolic  wires  to  supports,  to  which  they  are  attached. 

If  the  stairway  is  supported  on  stringers,  these  are  reinforced  with  angles, 
channels,  tees  or  joists,  to  which  the  parabolic  wires  are  attached,  whereas  if  the 
stairway  is  between  two  waUs  the  supporting  bars  are  placed  transversely,  being 
built  into  the  side  waUs  at  their  ends  and  spaced  about  one  to  each  two  steps,  the 
parabolic  wires  running  longitudinally  and  being  attached  to  them. 

The  steps  themselves,  if  supported  by  stringers,  are  formed  of  plain  concrete, 
being  supported  on  a  slab  below,  which  contains  the  reinforcements  ;  but  when  the 
main  bars  run  transversely  they  are  embedded  in  the  concrete  forming  the  steps. 
Sometimes  when  the  stairway  is  between  waUs,  the  parabolic  wires,  running  trans- 
versely, are  anchored  direct  to  the  walls. 

Some  of  the  structures  carried  out  by  Herr  Matrai  are  detailed  below — 
Le  Globe  Celeste  at  the  Paris  Exhibition  of  1900. 
Le  Palais  des  Manufactures  National  Exhibition  of  1900. 
The  Covering  over  the  Moulineaux  Railway  cuttings  opposite  the  Eiffel 

Tower. 
Coverings  over  the  Metropolitan  Stations  in  Paris. 
Le  Maison  d'Education  de  la  Legion  d'Honneur  at  Saint  Denis. 
Cement  SUos  at  Chantemelle. 

A  Spherical  Reservoir  Bottom  of  20  feet  diameter. 
And  many  others. 
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Melan  System 

This  system  was  devised  by  Professor  Melan,  of  the  Polytechnic  School  of 
Bronn,  Austria,  in  1892,  and  has  been  largely  employed  for  floors  and  bridges  in 
Austria,  and  also  in  America,  where  many  important  bridges  have  been  constructed 
by  Herr  F.  Von  Emperger,  who  became  the  agent  for  this  system  in  the  United 
SUtes. 

The  fioore  are  of  the  arched  type  and  are  reinforced  with  rolled  joists,  as  shown 
<Fig.  136).    The  tie  rod  shown  here  is,  however,  generally  omitted.     The  support- 


ing beams  are  always  formed  of  rolled  joists.  The  arch  proper  is  formed  with  a 
curved  extrados,  and  of  concrete,  in  the  proportions  of  about  1  to  2  to  4 ;  this 
concrete  is  carried  round  the  supporting  joists.  The  filling  above  the  arches  is 
mixed  with  larger  proportions  of  sand  and  stone.  The  rise  of  the  floor  arches 
varies  from  yV  ^  ts  ^^^  span. 

The  reiiiforoing  joists  are  spaced  about  3^  feet  apart,  and  are  wedged  tight 
against  the  webs  of  the  beams.  For  smaller  spans  than  10  feet  the  reinforcing 
sections  are  formed  of  T-irons. 

The  table  given  below  shows  the  details  for  various  spans  : — 

TABLE  VI. 


IK 

Depth  of  Joist 

iDchei 

Wnght 

Foot 

Dirtsnoe  apart 
InchM 

Weight  o{  Floor 

per  8q.  Foot 

Fouiidi 

Depth  of  Con. 

oiele  Arch  in 

Inches 

]0  to  12 
12  to  16 
16  to  20 
20  to  24 

3 
4 
4 
5 

0 
Q 

40 
40 
40 

00 

I'S 
18 
223 

24 

11 

The  arched  bridges  on  this  system  are  constructed  with  reinforcements  of 
rolled  joista  or  light  buflt^up  girders.  The  built-up  girders  vary  in  depth,  being 
deeper  at  the  springings  than  at  the  crown,  and- sometimes  being  thickened  out  at 
the  haunches.  This  form  of  reinforcement  lends  itself  to  hinged  arches,  a  form  of 
construction  very  frequently  adopted.  The  joists  or  girders  are  spaced  from  2-46 
to  3-28  feet  apart. 

This  system  is  constructed  by  the  Concrete-Steel  Engineering  Co.,  Park  Row 
JBnildmgs,  New  York. 

Mdller  System 

This  system  was  brought  out  by  Professor  Mdller,  of  the  Polytechnic  School  of 
Brunswick,  in  IS94,  and  has  been  employed  considerably  in  Germany  for  floors 
^m  16-42  to  32-8  feet  span,  and  also  for  bridges  and  coverings,  It  is  constructed 
bj  the  firm  of  Drenckhahn  und  Siidhop,  of  Brunswick. 
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The  floor  or  decking  slab  is  rejinforced  with  rolled  joists,  and  is  supported  by 
68h-beUied  beams  at  certain  intervals  apart.  Generally  the  spacing  of  the  beams 
is  in  the  neighbourhood  of  4  feet. 

The  beam  reinforcements  consist  of  flat  bars  placed  as  shown  (Fig.  137). 
These  are  firmly  anchored  back  to  the  walls  or  abutments,  as  shown  (Fig.  138),  and 


have  short  pieces  of  angle-iron  secured  to  them  at  equal  distances  apart,  to  resist 
the  longitudinal  shears  of  the  flat  bars  through  the  concrete.  These  angles  are  shown 
on  Fig.  138. 

Bridges  and  coverings  are  constructed  in  the  same  manner.  The  river  and 
canal  bank  protectiona  on  this  system  are  reinforced  by  round  rods  placed  hori- 
zontally and  passed  over  pieces  of  stone  between  the  anchoriogs,  which  are  formed 
of  posts  driven  perpendicularly  into  the  bank  from  r64  to  2-46  feet  apart. 
These  slope  coverings  cost  about  \s.  \\d.  to  Zs.  \d.  per  square  yard. 

Monier  System 

This  system,  for  which  the  patents  have  lapsed,  is  used  at  the  present  day  by 
many  firms. 

These  employ  the  Monier  type  of  reinforcement  for  slabs,  walls,  pipes,  reser- 
voirs,  etc.,  but  construct  beams  in  various  ways.  Some  of  them  also  adopt  peculiar 
arrangements  for  the  reinforcements  to  resist  shearing,  and  for  other  parts  of  the 
work. 

The  original  firm  to  buy  up  the  Monier  patents  was  G.  A.  Wayss  A  Co.,  of 
Berlin,  becoming  at  a  later  date  the  "  Actien  Gesellschaft  fur  Beton  imd  Monier- 
bau,"  of  Berlin,  and  the  firm  of  Wayss  und  Fratag,  whose  chief  office  is  at  Neu- 
stadt  an  der  Haardt.  Heir  G.  A.  Wayss  also  formed  a  branch  establishment  at 
13,  Wallfiachgasse,  Vienna,  and  other  towns. 

Under  the  heading  of  the  Monier  System,  the  methods  of  construction  employed 
by  Herr  Wayss  &  Co.  must  be  dealt  with.  The  special  features  of  the  other  firms, 
using  this  type  of  reinforcement  will  be  dealt  with  separately. 

The  reinforcement  of  slabs  consists  of  rods  crossing  one  another  at  right  angles^ 
and  tied  together  at  their  intersections  with  annealed  wire,  as  shown  (Fig.  139). 


The  original  /?oi  floors  were  supported  on  rolled  joists  in  various  ways,  some  of 
which  are  shown  (Figs.  140  to  142).  Fig.  140  shows  a  floor  slab  supported  on 
rolled  joists,  encased  with  concrete  or  left  unprotected  and  showing  below  the  floors. 
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Figa^.  l'4l  and.  142  are  types  of  hoUaw  floors  with  ceilings.  '  The  ceiling  slab  is  bent  up 
so  as  to  bear  on  the  bottom  flanges  of  the  joists,  and  a  wire  network  is  placed  across 
below  th6  flanges  to  receive  a  layer  of  plaster,  which  fills  in  the  hollows  along  the 
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Fig.  141 


bottoms  of  the  joists.     The  space  between  the  floor  and  ceiling  is  filled  with  a 
poor  concrete  in  Fig.  141,  or  left  hollow  to  carry  pipes,  etc.,  in  Fig.  142. 
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Sometimes  timber  beams  are  used  instead  of  joists,  in  which  case  the  ceiling 
slabs  are  carried  through  level,  and  are,  fixed  to  the  bottoms  of  the  beams  with 
screws. 

Several  types  of  arched  floors  supported  on  rolled  joists  are  also  employed. 

Fig.  143  represents  a  floor  with  a  reinforced  flat  slab  and  arched  ceiUng.     The 
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Fig.   143 


central  portion  of  the  arch  merges  into  the  flat  floor  slab.  A  similar  floor  is  formed 
with  the  arch  continued  through,  without  the  straight  portion  at  the  centre  of  the 
span^  • •    ,  '       . 

This  type. of. floor  is  also  constructed  of  an  arched  slab  only ;   the  level  floor 
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being  formed  of  boards  or  plain  concrete.  When  boards  are  used  they  are  nailed 
either  to  longitudinal  timbers  resting  on  the  concrete  filling  over  the  arch  or  to 
the  filling  itself,  which  is  made  of  cinder  concrete.  Fig.  144  represents  a  double 
floor  with  two  arched  slabs,  one  resting  on  the  lower  flanges  of  the  joists  and  the 
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Fig.  145 
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other  bearing  against  the  webs  of  the  joists  just  below  the  top  flanges,  and  sup- 
ported on  a  filling  of  rich  concrete  extending  for  a  short  distance  on  each  side  of 
iJie  webs.  Ai 

Fig.  145  shows  an  arched  floor  with  a  flat  ceiling  slab  suspended  below  by 
rocis  tied  into  the  arch  supporting  the  floor. 
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All  theee  slabs,  flat  or  arched,  tiie  reinforced  with  the  Monier  network  near 
their  lower  suifaces. 

Herren  Wayss  and  Fratag  have  of  late  yeaiB  adopted  the  reinforced  concrete 
beam.  They  ose  round  rods,  one  set  being  straight  along  the  bottom  and  another 
set  bent  up  near  the  supports.    Further  short  straight  rods  are  added  near  the  top 


surface  over  the  supports,  extending  for  some  distance  on  both  sidee.  No  form 
of  stirrup  or  similar  reinforcement  ia  used  except  in  special  cases.  Occasionally 
a  set  of  rods  is  placed  near  the  upper  surface  throughout  the  whole  span.  Fig.  146 
shows  the  general  arrangement  of  the  reinforcements  for  beams. 
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The  ordinary  stairs  on  this  system  are  supported  on  rolled  joists,  as  stringeis, 
as  shown  (Fig.  147).  The  treads,  risers  and  ends  of  the  steps  are  all  reinforced 
with  crossing  rods. 

Fig.  148  shows  a  winding  stairway  in  which  the  treads  and  risers  are  rein- 
forced and  are  well  tied  into  the  wall. 

Herren  Wayss  und  Fratag  employ  Ritter's  methods  of  calculation  at  the 
present  time,  but  up  to  a  recent  date  they  used  empirical  formulae. 

Partition  walls  are  reinforced  with  vertical  and  longitudinal  rods,  forming  a 
network  similar  to  that  for  slabs.  The  longitudinal  rods  are  sometimes  bent  up, 
as  shown  (Fig.  149). 

Columns  are  also  employed  reinforced  with  vertical  rods  tied  together  with 
wire  hoops. 

The  arched  bridges  on  this  system  have  a  curved  extrados.  If  of  small  span,  the 
"  Monier  "  network  is  only  placed  near  the  intrados.  For  larger  spans  additional 
networks  are  placed  for  a  short  distance  from  the  abutments  near  the  extrados,  or 
inclined  from  the  intrados  to  the  extrados  near  the  springings.  Both  the  intrados 
and  extrados  are  also  frequently  reinforced  throughout  the  whole  span. 

Retaining  walls  are  constructed  of  thin  vertical  walls  with  counterfort  ribs 
and  foundation  slabs,  all  reinforced  with  networks  of  rods.  Sometimes  the  counter- 
forts are  connected  by  arches. 

The  pipes  and  sewers  are  reinforced  with  either  one  or  two  networks  of  rods, 
according  to  the  pressure.  The  small  pipes  are  sometimes  formed  with  a  socket 
but  the  joints  are  usually  made  with  a  collar. 

The  reservoirs,  silos  and  similar  structures  are  reinforced  with  networks  ;  the 
sizes  of  the  hoopings  are  varied  according  to  the  pressure,  but  the  spacing  is 
generally  kept  the  same.  Several  standard  sizes  of  rods  are  used,  and  these 
are  interspersed  in  various  ways,  so  as  to  obtain  the  requisite  iirea  of  metal  in 
the  height  under  consideration.  : 

The  firm  of  Herren  Wayss  und  Fratag  is  represented  in  London  by  Herr 
H.  C.  Werner,  6,  Westminster  Palace  Gardens,  Artillery  Row,  S.W.  The  name 
adopted  by  the  English  firm  is  The  Armoured  Concrete  Company,  of  which  Mr.  A. 
Johnston,  M.I.C.E.,  M.I.M.E.,  is. the  Managing  Director.  Mr.  H.  C.  Werner  is 
also  agent  for  the  Herbst  System  in  England. 

Mr.  Johnston  has  designed  a  reinforced  concrete  pile,  views  of  which  are  given 
(Fig.  160).  The  object  of  the  diaphragm  bars  is  to  resist  the  shear.  They  appear 
a  somewhat  uneconomical  form  of  reinforcement.  The  wire  would  be  more  usefully 
employed  if  wound  round  outside  the  angle  irons  to  prevent  the  swelling  of  the 
concrete.  The  length  of  wire  in  one  diaphragnl  would  encircle  the  angle  irons  nearly 
eight  times. 

Mueller,  Marx  &  Co/s  System 

Mueller,  Marx  &  Company,  of  212  and  213,  Greifswalder  Strasse,  Berlin, 
brought  out  their  system  of  reinforced  concrete  fioor  construction  in  1895,  since 
which  date  it  has  been  largely  employed. 

Rolled  joists  are  always  used  for  beams,  being  embedded  in  concrete. 

Several  types  of  floors  are  constructed  on  this  system.  Fig.  151  shows  the  usual 
form  for  flat  floors  of  small  span  ;  these  are  reinforced  with  upright  flat  bars  extend- 
ing from  joist  to  joist,  and  resting  on  the  lower  flanges.  These  are  tied  together 
by  a  zig-zag  reinforcement  of  similar  bars  secured  by  thin  iron  clips. 
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This  form  of  zig-zag  reinforoemeiits  is  used  m 
all  the  types  of  flooring  constructed  by  Hessn. 
Mueller,  Marx  &  Company.  Fig.  152  shows  aootber 
form  of  flat  floor  in  whidi  the  main  bars  of  upright 
flat  iron  pass  over  the  top  of  the  rolled  joists,  aod 
toe  embedded  in  concrete  at  their  junction  with 
Fio.  156  the  walls,  forming  a  partial  building  in.      The  floor 

slab  is  bevelled  at  the  wall  to  give  greater  resistanoe 
to  the  compressive  stresses  developed  by  the  building  in. 

Fig.  1S3  shows  a  form  of  arched  floor,  the  upright  flat  bars  in  this  case  following 
the  curve  of  the  intrados  and  abutting  on  the  web  of  the  supporting  joists  close  to 
the  bottom  flange. 

Floors  reinforced  with  suspension  bars  of  upright  flat  iron  are  shown  in  Figs. 
154  and  155.    Here  the  reinforcements  are  well  anchored  back  into  the  walls,  aod 
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formed  with  a  quarter  twist  at  the  sopporting  joists,  being  securely  hooked  over  the 
top  Sange.  The  fastening  to  the  walls  is  formed  by  a  series  of  horizontal  anchor  bars, 
which  are  hooked  round  vertical  rods  built  into  the  wall.  At  their  outer  ends  the 
anchor  rods  hold  a  longitudinal  rod  to  which  the  suspension  bars  are  secured.  Fig. 
164  shows  a  floor  of  several  spans,  and  Fig.  166  a  single  span  floor. 

The  concrete  is  moulded  with  a  curve  at  the  under  side  at  the  walls  and  sup- 


porting joists  to  resist  the  excess  of  compressive  stress  at  these  points,  caused  by  the 
building  in  of  the  ends  due  to  the  anchoring  of  the  reinforcements.  In  Fig.  164 
the  wall  is  corbelled  out  to  receive  the  floor  slab.  This  method  is  one  frequently 
adopted,  and  is  sometimes  combined  with  a  building  in  at  the  top.  In  this  case  a 
sm^  rolled  joist  resting  on  the  corbelling,  and  anchored  bach  to  the  wall,  receives 
the  hooked  end  of  the  reinforcements  on  its  upper  flange. 

These  floors  have  been  subject  to  severe  fire  trials  with  excellent  results. 
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The  stairs  on  the  Mueller  Marx  system  are  stipported  'eiitiref7  by  the  slabs 
on  which  the  steps  are  formed.  These  slabs  are  reinforced  with  upright  flat  bar6 
as  shown  (Fig.  156),  the  bars  rest  on  the  bottom  fltoges  of  rolled  joists  at  the  floors 
and  landings,  and  are  tied  together  by  the  zig-zag  ties  in  the  same  manner  as  floors 
(Fig.  151). 

A  further  notable  invention  of  this  firm  is  the  construction  of  abtUmerUs  to 
bridges,  in  the  manner  shown  in  Fig.  157.  This  is  an  excellent  arrangement,  and  is 
rendered  feasible  by  the  use  of  reinforced  concrete.  The  saving  in  cost  compared 
with  the  usual  heavy  masonry  abutments  is  said  to  be  36  to  39  per  cent.  These 
abutments  are  formed  with  a  screen  wall  at  the  face,  behind  which  the  road  or  railway 
is  carried  in  a  trough  of  reinforced  concrete,  supported  on  one  or  more  longitudinal 
walls  of  the  same  material,  as  shown  in  Fig.  157.  These  walls  are  connected  to 
reinforced  foundation  slabs  extending  for  their  entire  length.  Fig  158  shows  a 
longitudinal  section  of  this  form  of  abutment  and  a  sectional  plan  of  the  supporting 
walls. 


Pavin  de  Lafarge  System 

La  Societe  J.  et  A.  Pavin  de  Lafarge  et  du  Teil  (Ardeche)  are  well  known  French 
manufacturers  of  limes  and  cements,  who  have  developed  a  system  of  reinforced 
concrete.  They  do  not  now  construct  in  it  themselves,  but  will  supply  their  clients 
with  all  information  necessary  for  carrying  out  the  work. 

Beams. — La  Society  Pavin  de  Lafarge  consider  that  the  building  in  of  beams 
is  always  more  or  less  perfect,  and  that  the  adherence  of  the  mortar  causes  even  a 
freely  supported  beam  to  be  partially  built  in.  They  use  a  double  reinforcement 
tied  together  by  transverse  reinforcements,  as  shown  in  Fig.  159. 

Fer  rond  zSa  3o  % . 
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Floors, — The  floors  of  this  system  are  usually  double,  i.e.,  with  floor  and  ceiling 
slabs,  the  beams  being  hidden  (Fig.  160),  the  ceiling  slabs  and  beams  being  con- 
structed in  situ,  and  the  floor  slab  made  on  the  ground  and  placed  in  position 
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when   the   beams   have  been  -brought  up  to  the  level  of   its  underside.      The 
reinforcement  of  the  slabs  is  composed  of  longitudinal  and  transverse  rods. 
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Fig.  160 

Columns, — The  columns  are  generally  made  of  square  section,  and  are  rein- 
forced with  four  vertical  rods  with  wire  cross-ties  at  frequent  intervals.  These  are 
supported  on  reinforced  foundation  blocks,  to  which  they  are  united. 

Figs.  161  and  162  show  the  details  of  a  lock  house  constructed  on  this  system 
at  Lyons  by  the  Canal  Company. 

Fig.  161  shows  sections  of  one  of  the  columns  at  the  foundation  and  at  the 
level  of  the  floor,  the  bottom  view  being  on  a  larger  scale  than  the  top. 

Fig.  162  gives  a  section  of  one  of  the  beams  with  its  floor  and  ceiling  slabs  and 
the  network  of  the  ceiling  slab.  The  floor  network  is  very  similar,  excepting  that 
the  longitudinal  rods  are  nearer  together  and  the  transverse  rods  farther  apart,  the 
diameter  of  the  transverse  rods  being  double  that  of  the  longitudinals.  The  bottom 
view  shows  a  longitudinal  section  of  the  floor  and  beam  and  a  cross-section  of  the 
reinforcement. 

Pipes,  Sewers,  Conduits  and  Reservoirs. — The  pipes  and  sewers  of  this  system 
are  reinforced  with  longitudinal  rods,  round  which  a  spiral  circular  reinforcement 
is  wound  if  the  section  of  the  iron  permits.  When  the  circular  reinforcement  cannot 
be  wound  spirally,  it  is  formed  by  a  series  of  hoops  placed  at  equal  distances  apart. 

The  lengths  of  piping  thus  constructed  vary  from  3*28  to  6*66  feet,  according 
to  the  diameter  of  the  pipe.  The  lengths  are  connected  in  the  trench  by  collars 
of  reinforced  concrete  and  special  expansion  joints,  as  explained  (p.  204). 

Fig.  163  shows  a  longitudinal  and  transverse  section  of  a  pipe,  and  Fig.  164 
an  elevation  and  longitudinal  and  transverse  sections  of  a  horseshoe  shaped  conduits 

MM.  Pavin  de  Laf arge  have  also  constructed  bridged  conduits  supported  on  piers 
of  the  type  shown  in  Fig.  166.  The  aqueduct  shown  in  the  figure  had  a  centre  span 
of  26-24  feet,  and  side  spans  of  13-12  feet,  the  depth  and  width  inside  being  2-62  and 
2-30  feet  respectively.  The  tops  of  the  side  walls  were  connected  in  places  by  cross- 
ties  of  reinforced  concrete,  as  shown. 

The  circular  reservoirs  constructed  on  this  system  are  formed,  as  shown  (Fig. 
166),  if  of  large  diameter,  and  are  reinforced  with  flat  or  channel  bars,  placed  verti- 
cally and  in  the  form  of  hoops,  spaced  farther  and  farther  apart  from  bottom  to 
top.  This  skeleton  is  secured  together  by  a  few  bolts.  Between  these  bars  a 
trellis  work  of  vertical  and  circular  round  rods  is  placed. 
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REINFORCED    CONCRETE 

If  the  reservoir  is  covered,  the  vertical  liars  and  rods  are  bent  over  to  fonn 
the  radial  reinforcement  of  the  roof.  These  terminate  by  being  attached  to  as 
iron  plate  at  the  centre. 


Circular  wine  tanks  holding  from  2,200  to  3,300  gallons  are  constructed  in 
the  same  way,  excepting  that  the  hoops  are  placed  at  equal  distances  apart,  and 
the  roof  has  only  a  single  span. 

The  main  hoops  are  calculated  to  resist  half  the  pressure,  and  the  secondary 
hoops  of  round  iron  to  resist  the  other  half. 

The  area  of  the  reinforcements  in  the  domed  roofs  is  calculated  by  M. 
Godard's  formulae,  which  are  as  follows  :  — If  21^  is  the  total  load  supported  by 
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the  walls,  2<f)  the  central  angle,  v  the  rise,  R  the  half  span,  Q  the  total  horizontal 
thrust  in  a  radial  direction,  and  P  the  total  tangential  thrust  on  a  vertical 
section —  ^ 2  W  R 

^      sir 

P  =  WSin<p  +  QCos(p. 
And  if  a  hoop  is  placed  at  the  springing  to  support  the  total  thrust  of  the  dome, 

the  tension  in  this  ring  is  T  i-=  -^— 

2  TT, 

Arches. — For  small  arches  not  exceeding  30  to  45  feet  span,  MM.  Pavin  de 
Lafarge  employ  a  single  network  and  use  M.  Godard's  formula.  Employing  the 
same  symbols  as  those  for  domes,  excepting  that  Q  in  this  case  is  the  horizontal 
thrust  and  P  the  tangential  thrust  both  per  lineal  metre — 

n         WR  , 

Q  = ,  and 

2  V 

P=WSin(p  +  QCo&(t) 

the  value  found  for  P  gives  the  sectional  area  of  metal  required  per  metre  width  of 
the  arch. 

M.  Piketty 

M.  Piketty,  of  68,  Avenue  Ledru-Rollin,  Paris,  is  so  far  original  in  that  he  has 
never  instituted  a  system.  He  considers  that  the  varying  circumstances  all  require 
special  treatment,  and  adapts  his  reinforcements  to  the  exigencies  of  each  case. 

M.  Piketty  considers  that  a  double  reinforcement  is  absolutely  indispensable 
in  every  case,  mainly  for  the  reason  that  it  is  impossible  to  tell  whether  the  building 
in  is  perfect  or  only  partial,  also  for  an  attachment  for  the  transverse  reinforcements, 
for  increasing  the  compressive  resistance  and  for  the  resistance  of  secondary  tensile 
stresses  which  may  be  induced  by  permanent  deformations  of  the  concrete. 

The  beam  of  reinforced  concrete,  according  to  M.  Piketty,  must  be  considered 
as  two  layers,  one  represented  by  the  tensile  reinforcement,  and  the  other  by  the 
portion  of  the  concrete  in  compression.  He  beheves  that  it  is  not  sufficient  to  rely 
upon  the  concrete  only  to  unite  these  two  layers,  as  its  resistance  to  shearing  is  com- 
paratively small.  It  is  therefore  necessary  to  insert  transverse  reinforcements 
in  the  vertical  plane,  and  for  a  perfect  connexion  these  must  be  securely  attached 
to  an  upper  longitudinal  reinforcement,  on  account  of  the  elevated  position  of  the 
neutral  axis  which  causes  the  depth  of  the  beam  imder  compression  to  be  small. 
He  is  also  of  the  opinion  that  for  rectangular  beams  the  concrete  is  insufficient  to 
resist  the  compressive  stresses,  and  consequently  that  a' symmetrical  reinforcement 
should  be  employed.  When,  however,  the  beam  is  of  the  T-form  and  the  floor  slab 
aids  in  resisting  the  compressive  stresses,  the  upper  longitudinal  reinforcement 
may  be  greatly  reduced. 

M.  Piketty  prefers  round  rods  to  flat  bars  or  hoop  iron  for  reinforcements,  as 
the  flats  separate  the  concrete  for  a  greater  width.  The  transverse  reinforcements 
should,  according  to  M.  Piketty,  be  able  to  resist  the  tensile  stress  caused  by  shear- 
ing. He  therefore  places  them  at  an  angle  of  30°  near  the  supports  where  the  shear- 
ing force  is  greatest,  while  towards  the  centre,  where  it  is  greatly  reduced  and  under 
rolling  loads  may  induce  tensile  stress  in  either  direction,  he  places  them  vertically. 
This  disposition  is  shown  in  Fig.  167,  the  transverse  reinforcements  being  inclined 
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at  an  angle  of  30®  to  the  vertical  near  the  supports,  and  approaching  the  vertical 
gradually  as  the  centre  of  the  span  is  approached. 

When  M.  Piketty  foresees  the  existence  of  shearing  stress  of  considerable  magni- 
tude he  adopts  a  difiFerent  method,  and  places  vertical  transverse  reinforcements 
throughout  the  whole  span,  and  also  over  the  supports,  to  which  he  adds  in  the  neigh- 
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bourhood  of  the  supports  inclined  rods  of  larger  section  than  that  of  the  vertical 
reinforcements,  placing  them  at  an  angle  of  30°  to  the  horizontal.  These  he  secures 
firmly  to  the  longitudinal  rods,  as  shown  (Fig.  168). 

The  inclined  transverse  reinforcements  are  firmly  secured  to  the  bottom  longi- 
tudinals, either  by  being  looped  behind  a  ring  shrunk  or  clamped  on  to  the  longi- 
tudinal, or  by  being  held  in  a  small  notch  cut  in  the  underside. 

M.  Piketty,  in  his  calculations,  neglects  the  tensile  resistance  of  the  concrete, 
and  considers  the  stress  strain  curve  of  the  concrete  in  compression  as  a  straight 
line.     He  further  takes  into  consideration  the  different  values  of  the  coefficient  of 
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elasticity  of  the  two  materials.  M.  Piketty  has  constructed  reservoirs  and  arched 
and  straight  bridges,  beside  floors,  with  their  supporting  columns.  He  has  abo 
constructed  with  reinforced  brickwork  and  masonry. 


Rabitz  System 

Herr  Rabitz,  of  Berlin,  uses  ordinary  galvanized  wire  networks  for  the  purpose 
of  reinforcement.  These  have  either  diamond  or  hexagonal  shaped  meshes,  and 
are  provided  in  rolls  about  3J  feet  wide. 

Floors  are  of  the  double  type,  and  are  either  formed  of  reinforced  floor  and 
ceiling  slabs,  cr  more  generally  the  ceiling  slab  only  is  formed  of  plaster  on  the  wire 
mesh,  the  floor  being  of  the  ordinary  construction. 

The  air  space  between  the  ceiUng  and  floor  forms  a  protection  against  fire,  and 
as  an  extra  precaution  the  ceiling  slab  is  generally  covered  with  a  layer  of  cinders. 

The  wire  mesh  is  stretched  tightly  across  the  span  and  attached  to  beams  of 
timbar  or  rolled  joists,  the  ceiUng  slab  being  frequently  further  supported  by  inter- 
mediate suspension  rods. 
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The  thickness  of  the  ceiUng  slabs  varies  between  0-79  and   l-tS  inches. 

Partition  walla  are  formed  of  plaster  on  the  galvanized  network,  which  is  stiff- 
ened along  its  edges  with  rods  039  inches  diameter,  and  stretched  tightly,  being 
attached  between  pairs  of  angle  irons  back  to  back.  These  angle  irons  are  secm^ 
by  books  or  screws  to  uprights  of  iron  or  timber  forming  the  framework. 

For  long  partitions  intermediate  stiffeners  of  rods,  or  angle  irons  bock  to  back, 
are  employed  and  also  di^onal  rods. 

The  thickness  of  the  partitions  is  usually  about  2  inches. 

Dovble  -partitions  are  also  constructed  of  two  single  thicknesses  of  1'18  inches, 
and  a  space  of  2  inches,  the  bays  being  framed  with  timbers  having  grooves  in 
which  rods  of  0*31  inches  diameter  are  placed,  the  networks  being  attached  to  theee. 
Sometimes  the  bays  are  framed  with  iron  to  which  the  networks  are  fixed  by  hooks. 
When  the  partitions  abut  against  masonry  walls  the  galvanized  mesh  is  attached 
to  pieces  of  timber  dovetailed  into  the  masonry.  • 

Ovttr  tualls  are  constructed  in  a  similar  manner  to  that  described  for  partition 
walls. 

A  speciaUty  of  this  system  is  the  protection  of  slopes  to  reservoirs  and  wattr  chan- 
nels by  reinforced  slabs,  a  form  of  construction  introduced  by  Herr  Rabitz  in  1898. 

Ransome  System 

This  system,  invented  by  Mr.  E.  G.  Ransome,  was  one  of  the  first  to  be  intro- 
duced in  America,  and  is  largely  used  in  the  United  States  at  the  present  day. 

The  reinforcing  bars  are  of  square  section,  and  are  twisted  cold,  with  a  varying 
number  of  twists  per  lineal  yard.  This  treatment  greatly  increases  the  ultimate 
strength  and  elastic  Umit,  and  prevents  any  tendency  of  the  reinforcements  to  sliding. 
The  system  is  employed  for  complete  buildings,  and  also  for  straight  and  arched 
bridges. 

The  beams  and  floor  slabs  are  constructed  together  and  are  frequently  very 
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similar  to  those  of  the  Hennebique  system,  except  that  square  twisted  bars  are 
used  for  the  reinforcements  in  the  vertical  plane.  A  special  arrangement  for 
ft  floor  with  exposed  beams  is  shown  in  Fig.  169.  The  hays  are  generally  square, 
and  the  beams,  both  longitudinal  and  transverse,  have  the  same  depth,  and  are 
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nsuallj  reinforced  with  one  twisted  steel  bar  along  the  bottom.  The  floor  slabs 
are  reinforced  with  a  series  of  bars  near  the  under  surface,  with  a  few  cross-bars 
spaced  some  distance  apart. 

Fig.  170  shows  a  floor  with  a  ceiUng  supported  from  the  bottoms  of  the  beams, 
and  Fig.  171  the  method  for  attaching  the  timbers  to  which  the  ceiling  laths  are 
nailed.  Floors  with  longitudinal  and  cross  beams  of  the  ordinary  form,  the  ba^ 
being  rectangular,  are  also  employed. 
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The  xoaUs  and  columna  on  the  Ransome  system  are  reinforced  with  vertical 
twisted  steel  bars. 

Fouvdaiion  blocks  are  reinforoed  by  bars  crossing  at  right  angles  and  diagonally. 

Arched  bridges  are  reinforced  with  one  aeries  of  bars  near  the  intrados,  and 
these  are  united  where  lengthening  is  necessary  with  sleevee  which  screw  on  to  the 
twists  of  the  bars.  The  Aberthaw  pavement  lights,  reinforced  with  Ransome  bus, 
are  being  largely  employed.  A  description  of  these  will  be  found  (p.  560).  Many 
very  fine  buildings.  Important  bridges  and  tall  chimney  stacks  have  been  constructed 
in  the  United  States  on  this  system  by  various  hcensed  constructors,  amongst 
which  may  be  mentioned  the  Aberthaw  Construction  Company,  of  8,  Beacon  Street, 
Boston,  II.S,A.  ;  Messrs.  A.  Monsted  and  Company,  Milwaukee  ;  the  Donnelly 
Contracting  Company,  Buffalo,  N.Y.  ;  the  Ransome  Construction  Company, 
Philadelphia,  Pa.  ;  and  the  Ransome  Concrete  Company,  of  26,  Broadway,  New 
York,  which  is  the  head  office  of  the  firm. 


Roebling  System 

The  Roebling  Construction  Company,  of  121,  Liberty  Street,  New  York, 
make  a  special  feature  of  fireproof  floors,  partitions,  and  columns.  They  have 
carried  out  exhaustive  tests  on  their  method  of  construction,  with  very  satisfactoiy 
results. 

They  employ  rolled  joists  aa  beams,  and  also  for  columns,  but  sometimes 
form  these  latter  of  a  built-up  section  composed  of  plates  and  Z-bars.  Both  the 
beams  and  columns  are  protected  by  concrete  and  a  wire  mesh  covered  with  plaster. 
Several  methods  are  used  in  the  construction  of  floors. 

Fig.  172  is  a  general  view  of  their  arch  construction  with  flat  ceUings. 

This  consists  of  a  wire  mesh  arch,  stiffened  by  steel  rods  woven  in,  which  is 
sprung  between  the  secondary  floor  beams,  and  abuts  into  the  seat  formed  by  the 

100 


SYSTEMS    EMPLOYED 

web  and  loner  flange  of  the  I-beams.     On  this  wire  centering  the  Portland  cement 
concrete  is  deposited. 

The  ceiling  consists  of  a  system  of  supporting  rods  or  fiat  bars  set  on  edge, 
attached  to  the  lower  flanges  of  the  secondary  floor  beams  by  a  patent  clip,  which  sets 
them  below  the  bottom  flanges.  Under  these  rods  or  bars,  and  securely  laced  to 
them,  is  the  Boebling  standard  wire  lathing,  with  quarter-inch  steel  rods  woven  in 
every  7^  inches,  as  stiffening  ribs  crossing  the  supporting  rods  at  right  angles.     This 
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lower  mesh  receives  the  ceiling  plaster.  The  figure  shows  the  construction  very 
clearly.     Fig.  173  shows  a  section  of  a  supporting  column  and  of  main  beam. 

Sometimes  the  ceiling  is  arched,  and  the  cost  thereby  reduced.  When  the 
beams  are  not  too  far  apart  and  no  piping  or  wiring  is  required  below  the  floor,  the 
bearers  for  the  fiooring  are  depressed,  as  shown  (Fig.  174).  The  section  here  shows 
double  joists  for  the  main  beams,  but,  frequently,  only  one  is  used.  If  the  beams 
are  farther  apart,  or  a  hollow  beneath  the  floor  and  across  the  secondary  joists  is 
necessary,  the  concrete  filling  is  carried  up  to  the  top  of  the  I-beams  and  the  bearing 
for  the  floor  boards  run  over  the  top  flanges. 

Another  form  of  arched  floor  is  shown  (Fig.  175).  Here  curved  T-section  ribs 
are  used  instead  of  the  steel  rods  in  the  arch  netting.  The  Tees  are  spaced  two  feet 
apart,  and  held  rigidly  in  position  by  means  of  steel  spacers.     Wire  lathing,  with  a 
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woven-in  stiffening  rib,  is  laid  between  the  Tees  and  laced  to  tliem,  the  concrete 
being  liud  on  this  netting  in  the  usual  manner,  the  webs  of  the  T-ribs  being  em- 
bedded. This  form  of  construction  is  used  where  the  beams  are  more  than  10 
feet  apart.  In  spans  greater  than  1 2  feet,  and  where  loads  greater  than  600  pounds 
per  square  foot  have  to  be  supported,  the  tie  rods  are  specially  designed  to  resist 
the  thrust. 

Special  specifications  for  sizes  of  rods,  etc.,  are  issued  for  each  type  of  floor. 

Flat  floors  are  constructed  in  much  the  same  manner.    Fig.  176  shows  a  general 


riew  of  such  a  floor.  A  light  iron  framework  spans  the  interval  between  the  joists, 
consisting  of  flat  iron  orsteel  bars  set  on  edge  and  spaced  16  inches  centre  to  centre, 
with  a  quarter  turn  at  both  ends  where  the  bars  rest  on  the  beams.  Spacers 
of  half  oval  iron  are  placed  at  suitable  intervals  to  separate  and  brace  the  bars. 

The  Roebling  standard  wire  lathing,  with  the  quarter-inch  steel  stiffening  rib 
woven  in  every  TJ  inches,  is  attached  to  the  underside  of  the  bars,  the  stiffening 
ribs  running  cross- wise  under  the  main  bars  and  laced  to  them  at  every  intersection. 
Cinder  concrete  is  deposited  on  the  wire  lathing,  which  thoroughly  embeds  the  light 
framework. 

The  ceiling  construction  is  the  same  as  that  described  for  the  arched  floors. 

The  beams  and  columns  are  treated  in  the  same  manner  as  those  for  the  arch 
construction. 

As  in  the  case  of  the  arched  floors,  there  are  several  types  of  flat  construction. 


Fia.   177 

The  cost  is  sometimes  reduced  by  allowing  the  beams  to  show  and  forming  the 
ceiling  jnst  below  the  floor  slab,  as  shown  (Fig.  177). 

Another  form  adopted  for  light  floors  of  large  spans  is  shown  (Fig.  1 78). 

The  flat  bars  are  here  bent  downwards  two  inches  or  more  at  the  centre  of  the 
■pan. 
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This  type  of  floor  is  said  to  be  more  economical  than  any  other  when  the  joists 
are  more  than  9  to  10  feet  apart  centre  to  centre.  It  has  been  used  for  spans  up 
to  22  feet,  giving  every  satisfaction. 


If  cinder  concrete  is  used  for  filling  over  the  network  no  bearers  are  required. 

the  floor  boards  being  nailed  to  the  concrete  direct. 

The  bearers  may  be  depressed  as  described  for  the  arch  construction,  and 

shown  (Fig.  174).    In  this  case  the  underside  of  the  concrete  slab  is  finished  just 

below  the  bottom  oE 
the  beams. 

Partition  tcalla.— 
Messrs.  RoebUng  form 
their  soUd  partition 
walls  of  concrete  with 
vertical  channel  irons 
and  their  patent  wire 
lathing  with  steel 
stiffening  ribs,  as 
shown  (Fig.  179).  The 
concrete  is  of  cinders, 
and  will  therefore  re- 
ceive nails  ;  no  furr- 
i;ig  is  required,  and 
convenient  vertical 
spaces  can  be  left  for 
piping,  wires,  speak- 
ing tubes,  etc.  The 
manner  usually  adop- 
ted for  forming  the 
door  frames  is  clear- 
ly shown  in  the  sec- 
tion. 

Hollow  partitions 
with  no  concrete  fill- 
ing are  also  used,  the 
vertical  channel  irons 
being  replaced  by  flftt 
bars.  The  door  fram- 
ing in  this  case  is 
formed  in  the  same 
manner  as  for  the 
sohd  partitions. 

Another  form  of 
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partition  is  constructed  with  only  one  layer  of  wire  lathing  with  vertical  channel 
irons  of  light  section,  the  whole  thickness  being  filled  with  plaster. 

Outer  vxMs, — ^These  are  formed  of  brick  or  stone,  and  have  an  outer  layer  of 
plaster  on  wire  lathing,  supported  by  vertical  V-irons,  leaving  an  air  space  between 
the  plaster  and  the  main  wall. 

The  wire  lathing  also  lends  itself  to  the  formation  of  ornamental  coverings 
to  beams  and  similar  internal  decoration. 

Arches,  domes  and  alcoves  up  to  12  feet  span  are  also  constructed  of  the  stiffened 
wire  lathing. 

Sanders  System 

This  system  is  constructed  by  the  Amsterdamsche  Fabriek  von  cement- 
ijzerwerken,  of  108  Wittenburgerstratt,  Amsterdam.  The  Monier  system  is  adopted 
generally  for  all  works  ;  but  the  beams,  slabs,  columns,  etc.,  are  designed  accord- 
ing to  the  calculations  established  by  Herr  L.  A.  Sanders.  Herr  Sanders  considers 
that  the  stress-strain  curve  of  the  concrete  in  compression  and  tension  is  parabolic, 
and  allows  a  certain  resistance  for  the  concrete  in  tension.  He  takes  into  account 
the  respective  coefficients  of  elasticity  of  the  materials.  To  simplify  his  calcu- 
lations he  uses  straight  line  stress  strain  curves,  these  Unes  cutting  through  the 
parabolic  curves  so  as  to  equalize  the  triangular  and  parabolic  areas.  Round  bars 
are  used  for  all  the  beam  and  slab  reinforcements. 

The  transverse  shearing  reinforcements  usually  embrace  two  bottom  main 
bars,  and  are  hooked  over  those  at  the  top. 

Sometimes  in  floors  two  sets  of  transverse  rods  are  used,  passing  along  near 
the  bottom  and  top  surfaces  for  distances  covering  two  rods.  They  are  then  bent 
up  or  down,  as  the  case  may  be,  continuing  near  the  opposite  surfaces  for  a  similar 
distance,  when  they  are  bent  again,  and  extend  in  this  sinuous  form  across  the 
whole  width  of  the  slab. 

Many  important  works  have  been  carried  out  by  this  firm,  including  floors, 
stairs,  subways,  reservoirs,  bridges,  etc. 

Siegwart  System 

This  system  is  employed  in  France,  Switzerland  and  Italy,  mostly  for  floors  of 
small  span.  The  ItaUan  and  German  representatives  are  6.  A.  Porcheddu  of  Milan 
and  J.  Gerstenecker  of  Munich. 

The  floors  are  said  to  be  very  cheap  and  are  easily  constructed.  The  various 
types  are  shown  in  Fig.  180.  The  beams  are  made  on  a  slab  of  cement  in  a  shed  ; 
they  are  at  the  same  time  formed  by  a  machine  which  cuts  and  smooths  them, 
so  that  they  have  a  width  of  9-8  inches,  and  the  form  shown  section  (B).  After 
setting  they  are  conveyed  to  the  site  of  the  work,  and  placed  in  position  against 
one  another,  the  hollow  joints  being  filled  with  cement  grout. 

The  plan  (A)  represents  an  ordinary  floor,  for  which  the  beams  A  are  shown, 
section  (B) ;  the  beams  P  must  be  specially  reinforced,  as  they  support  a  part  of  the 
floor  ;  they  have  the  shape  shown,  section  (C),  being  in  the  form  of  troughs,  which 
are  filled  with  concrete  when  in  place. 

In  the  case  of  very  small  spans  light  beams  only  are  used,  such  as  those  shown, 
sections  (D)  and  (E) ;  their  sides  are  thinner  and  they  have  a  reinforcement  only 
along  the  bottom  slab. 
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The  plan  (F)  and  section  (G)  show  the  arrangement  adopted  for  a  floor  of  23 
feet  span 

As  beams  of  this  length  cannot  be  conveniently  transported,  lengths  of  94^ 
and  13*12  feet,  formed  as  shown  A  section  (G),  are  employed,  which  are  placed  end 
to  end.  The  neighbouring  pairs  break  joint  with  each  other,  and  the  longitudinal 
spaces  P  are  of  sufficient  width  to  form  beams  strong  enough  for  the  span  of  23 
feet.  In  these  spaces  the  reinforcing  rods  are  placed,  after  which  the  troughs  are 
filled  in  with  concete  in  well  rammed  layers,  in  the  same  manner  as  ordinary  beams. 

The  plans  (H)  and  (I)  and  sections  (J)  and  (K)  show  the  method  adopted 
when  the  span  exceeds  about  26  feet ;  the  floor  is  then  divided  into  two  bays  by 
trough-shaped  beams  or  stringers,  which  support  the  hollow  beams  of  the  usual 
form.  The  stringers  rest  on  columns,  and  may  be  made  so  as  not  to  show,  as  in 
section  (J),  or  projecting  below  the  floor  as  in  section  (K). 

These  floors  cost  between  7Jd.  and  Is.  Id.  per  square  foot,  according  to  the  span 
and  load.  They  have  the  advantage  of  doing  away  with  the  necessity  of  falsework, 
and  also  may  be  brought  into  use  very  soon  after  being  constructed,  excepting  in  the 
case  shown  in  section  (G)  and  plan  (F),  where  the  concrete  forming  the  beam  must 
be  given  time  to  thoroughly  set. 


FLOORS   OF  HOLLOW   BEAMS— SIEGWERT   SYSTEM. 


(B) 

Section  of  Beam. 


(A) 

Plan  of  a  Floor. 
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Combination  of  Hollow  Beams  and  Beams  with  only  the  bottom 

Slab  Heinforced. 
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(c) 
Section  of  Reinforced  Hollow  Beams. 


Combination  of  Hollow  Beams  and  Doable  Beams  with  only 

the  bottom  Slab  Reinforced. 


"■.",'.JI''':K"}!'?n"''/.'i'l  ■'■*.""*'■'..-'  '■' ' 

.     ,      ■    ■■'         -       ■  ...'.■■' 


"^Mi 


r 


.4 


Fio.  180 
I06 


SYSTEMS    EMPLOYED 


Seotian  ot  floor  23  Feat  Span. 
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Section  of  b  Hiddon  Hollow  Strin; 


Section  ot  a  Visiblo  Hollow  Slrii 
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Stolte  System 

This  syatem,  which  ia  constructed  by  the  firm  of  Deuteoher  Cementbau-Gesel- 
schaft  Paul  Stolte,  of  Berlin,  consists  of  reinforced  hollow  blocks  moulded  in  ad- 
vance, of  which  floors  are  constructed  having  spans  up  to  8-20  feet.  These  blocb 
are  9*64  inches  wide  and  from  3-15  to  3-94  inches  deep,  and  have  longitudinal 
hollow  spaces,  between  which  upright  flat  bars  are  embedded,  as  shown  (Fig.  181). 


The  blocks  are  laid  across  between  rolled  joists,  which  form  the  beams  for  the 
floor,  no  scaffolding  being  required.  The  joints  between  the  blocks  are  made  with 
cement  mortar.  Timber  beams  are  sometimes  used  instead  of  rolled  joists  foi 
supporting  the  slabs.  The  blocks  are  laid  either  on  the  top  or  bottom  flanges  wtea 
rolled  joists  are  used. 

Unit  System 

This  system  is  constructed  by  the  Unit  Concrete  Steel  Frame  Company,  U13 
Commonwealth  Buildings,  Philadelphia,  Pa.  All  the  reinforcements  are  secured 
together  and  the  framework  fixed  in  its  proper  position  in  the  moulds  before  the 
concrete  is  deposited. 

The  rods  of  the  floor  slabs  are  passed  through  holes  in  the  flat  iron  stirrups  while 
the  rods  along  the  bottom  of  the  beams  and  the  stirrups  are  secured  in  position 
by  patent  chps  as  shown  in  Fig.  182. 
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The  upper  ends  of  the  end  stirrups  are  wrapped  round  the  outside  main  rods 
of  the  beams  which  are  bent  up  near  the  supports.  The  whole  framework  is  thus 
securely  tied  together  and  no  portion  can  be  displaced  during  the  ramming  of  the 
concrete. 

De  Valli^re  System 

M.  E.  de  Vallidre,  having  constructed  in  reinforced  concrete  for  some  years, 
has  lately  introduced  a  system  of  his  own,  which  is  constructed  by  the  firm  of 
de  Vallifire,  Simon  et  Cie.,  Place  de  la  Cath^drale,  Lausanne. 

The  chief  difference  to  other  systems  is  in  the  transverse  reinforcements,  which 
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are  formed  in  long  lengths,  bent  ap  and  down.  The  main  rods  are  passed  through 
these,  and  they  are  then  palled  out  to  any  spacing  that  may  be  required.  Fig. 
183  shows  this  arrangement. 

The  fiooT  slabs  are  reinforced  with  a  series  of  rods  along  the  bottom,  running 


across  from  beam  to  beam  ;  these  are  held  to  the  upper  surface  of  the  concrete  by 
transTerse  reinforcement,  as  shown  (Fig.  184). 

Freely  supported  beams  are  reinforced  only  along  the  bottom,  but  if  built  in 
bent-up  rods  are  added,  either 
one  or  more  being  used  in  each     77 

Fig.  185  shows  a  beam  with  ''^ 
one  rod,  and  the  disposition  of 
the  transverse  reinforcements. 

Figs.  186  are  similar  views  of  a  beam  with  three  rods.    The  construction  is 
monoUthic,  and  the  beams  are  designed  as  of  T  section. 

The  methods  of  calculation  employed  by  M.  de  ValUdre  are  those  recommended 


by  Professor  Bitter,  of  Zurich  (p.  387).    Steel  only  is  used  for  the  reinforcemente. 
liis  firm  have  constructed  reservoirs,  gasometer  tanks,  aqueducts  and  bridges,  as 
well  as  floors  and  covers  to  reservoirs.     The  largest  covered  reservoirs  as  yet  con- 
structed were  two  for  the  town  of  Cully,  having  each  a  ,,^ 
capacity  of  441,500  gallons.  , 

Fig.  187  shows  the  section  of  a  bridge  for  a  pipe  of  19'7 
inches  diameter,  carrying  water  from  the  high  country  to 

Lausanne,  across  the  Bay  of  Clarens.     This  bridge  con-  ^ 

sists  of  4  spans,  one  of  which  is  621  fee'-     The  whole  I 

length  of  the  bridge  is  137'4  feet,  the  width  being  4-92  ! 

feet.    The  figure  is  a  cross-section  of  the  621-foot  span.  -^ 
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Visintini  System 

This  form  of  construction  has  been  recently  brought  out  by  M.  Fray  ■\^8intim, 
of  12,  Gartenstrasae,  Zurich.  All  the  portions  of  a  structure  in  this  system  are 
made  in  advance.  The  fioora  or  roofs  are  formed  of  a  series  of  pieces  of  lattice  coa- 
.struction,  as  shown  in  Fig.  188,  laid  side  by  side,  with  the  joints  run  in  with  grout; 
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-these  constitute  the  whole  floors  when  the  spans  are  too  small,  but,  when  large 
spans  are  necessary,  intermediate  beams  of  a  similar  lattice  t3rpe  are  employed  on 
which  the  floor  pieces  are  laid.  The  roof  pieces  are  sloped  down  at  the  eaves  and 
have  narrow  vertical  ribs  along  the  edges  throughout  their  whole  length,  which 
raise  the  joints  slightly  above  the  general  level.  The  use  of  the  lattice  form  enables 
a  considerable  saving  in  weight  to  be  obtained,  the  concrete  which  is  eliminated 
between  the  latticings  being  considered  as  serving  no  useful  purpose.  The  lattic- 
ings  sloping  towards  the  centre  have  reinforcing  bars  embedded  in  them,  these 
bars  being  hooked  round  the  main  upper  and  lower  rods ;  but  the  latticings  sloping 
towards  the  supports  are  not  reinforced  since  they  will  act  only  in  compression. 


Figs.  189  show  the  construction  of  coluvnu  on  this  system.  These  support 
sills  of  lattice  construction  usually  of  a  similar  form  as  the  floor  pieces  and  beams, 
but  in  these  the  latticings  near  the  centre  are  ail  reinforced.  Sometimes  the  sills 
have  latticings  similar  to  those  of  the  columns. 

Fig,  1 90  shows  the  method  adopted  for  the  construction  of  stairways,  the  risers 
being  built  into  the  wall  either  at  one  or  both  ends.  The  wires  forming  stirrups  of 
the  risers  are  continued  to  form  the  reinforcements  of  the  treads. 

For  waU  construction  a  series  of  the  columns  are  placed  side  by  side. 
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Besides  the  advantages  pertaining  generally  to  the  moulding  of  the  parts  in 
advance,  this  system  has  a  special  advantage  due  to  the  form  of  the  pieces  which 
lends  itself  to  the  attachment  of  the  lifting  gear,  and  the  handling  while  setting 
in  position. 

The  disadvantages  are  those  obtaining  in  all  pieces  moulded  in  advance,  when 
compared  to  monolithic  construction,  in  which  the  separate  parts  can  be  thoroughly 
tied  together  as  they  are  brought  up. 

This  system  besides  being  employed  for  buildings  is  also  well  adapted  for  the 
construction  of  light  footbridges.  For  floor  spans  between  6-56  and  19-78  feet  to 
bear  a  load  of  61  pounds  per  square  foot,  the  width  of  the  floor  pieces  is  generally 
8  inches  and  their  depth  varies  as  a  rule  between  6  and  8  J  inches.  The  upper  slab 
of  the  piece  has  a  thickness  of  from  1  to  1-38  inches,  the  lower  slab  from  1  to  1-8 
inches,  and  the  latticing  from  0*60  to  0*80  inches.  The  diameter  of  the  upper  and 
lattice  rods  is  usually  0-157  inches,  while  the  bottom  rods  vary  from  0-276  to 
0-67  inches. 

The  proportions  used  for  the  mortar  of  which  the  pieces  are  constructed  is 
1  of  cement  to  3  of  sand. 
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Walser-G^rard  S]rstem 

This  system  originated  in  Switzerland,  but  has  recently  been  employed  largely 
in  Italy  by  M.  Machiachini,  who  took  up  the  Italian  patents. 

Beams  and  Floors. — The  beams  have  always  a  double  reinforcement,  generally 
unsymmetrical.     The  number  of  top  rods  is  always  one  in  excess  of  those  at  the 
bottom  in  order  that  the  transverse  wire  reinforcement  may  be  bent  round  both 
series  as  shown  (Fig.  191).     The  lower  rods  of  the  secondary  beams  pass  over  those 
of  the  main  beaitis.     For  Ught  loads  only  one  rod  is  placed  at  the  bottom,  and  two 
at  the  top,  while  when  the  main  beams  re-    ,. , .....  .  . ......  ....  ,   . . — -,—:-: — -T^ 

quire  special  strength  two  series  of  rods  are    y*- '.  ■'  '  '-;  '■  -^^^'^  \/ak^^^  .'•'"( 

used  in  the  bottom,   the  longitudinal  rein-    i>  •' ■•:     '■  •?1-.'-.H-^-  l?>--'V: '\-V-'.^Vv) 
forcements  of  the  secondary  beams  passing 
between  them. 

The  floor  slab  is  usually  reinforced  with 
rods  perpendicular  to  the  direction  of  the 
beams,  passing  under  their  upper  rein- 
forcements.    These  are  not  shown  in  Fig.  191. 

Occasionally  the  upper  rod  is  added  to 
the  floor  reinforcement,   only   extending  a 
short  distance  on  each  side  of  the  beam.      In  this  case  the  floor  rods  and  the  ends 
of  the  stirrups  are  tied  together  with  wire  wrapping. 

When  the  beams  are  heavily  loaded,  the  transverse 
reinforcements  are  placed  as  shown  (Figs.  192,  193),  the 
centre  stirrup  being  inclined  in  order  to  better  resist  the 
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^  ^-.V-  '•  \^^-,y^  cenire  siiirrup  oei 
^^^^^^'^fe'^!^^   shearing  stresses. 
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If  the  reinforcements  of  the  floor  slab  run  parallel  to  the  beams,  short  rods 
are  placed  across  below  the  upper  beam  reinforcements,  and  rest  on  the  neighbour- 
ing floor  rods.  It  will  be  seen  that  in  this  system  all  the  reinforcements  are  excel- 
lently arranged  so  as  to  give  mutual  support* 

The  Williams  System 

This  system  has  been  recently  patented  by  Mr.  A.  E.  Williams,  A.M.I. C.E.. 
A.M.I.M.E.,  of  Dagenham  Docks,  Essex. 

Mr.  Williams  has  for  some  time  taken  considerable  interest  in  reinforced  con- 
crete construction,  having  added  to  the  wharfage  at  Dagenham  Docks  by  the 
erection  of  a  reinforced  concrete  jetty  of  considerable  magnitude.  This  jetty  and 
an  engine  and  boiler-house  were  constructed  in  1901  on  the  Hennebique  system. 
Mr.  Williams'  system  is  particularly  adapted  to  the  construction  of  foundations 
and  jetties,  although  it  can  be  used  for  complete  buildings,  and  other  general  work. 

The  pile  on  the  Williams  system  is  reinforced  with  a  rolled  joist,  the  point 
being  formed  by  cutting  away  the  Web  for  a  short  distance  and  forging  the  flanges 
to  a  point.  A  pile  shoe  of  the  ordinary  form  may  be  used,  but  this  is  generally 
omitted.  The  concrete  is  further  strengthened  by  means  of  flat  steel  hoops  placed 
fairly  close  together. 

When  bending  is  to  be  feared,  the  simple  rolled  joist  does  not  give  sufficient 
stiffness  in  the  direction  normal  to  the  web,  and  consequently  Mr.  Williams  adds 
two  flat  steel  bars,  one  on  either  side,  as  shown  (Fig.  194).  These  are  attached  to 
the  web  at  the  ends,  and  bent  out  in  the  form  of  a  truss,  or  may  be  curved  if  desired. 
Several  holes  are  drilled  through  the  web  of  the  joists,  and  tubes  placed  through 
them  to  form  holes  in  the  pile  for  use  in  transport  or  pitching.  These  piles,  14  by 
14  inches,  can  be  sold  at  4«.  per  cubic  foot.  The  cappinga  to  the  piles  when  used  as  a 
foundation  to  support  a  decking  or  other  superstructure  are  frequently  reinforced 
with  single  rolled  joists,  the  connexions  with  the  piles  being  made  as  shown  (Figs. 
195,    196,    197). 

Fig.  195  is  a  sectional  plan  showing  the  junction  between  a  pile  and  cross- 
capping.  After  driving,  the  top  of  the  pile  is  broken  away  for  some  distance, 
exposing  the  top  of  the  rolled  joist.  The  rolled  joists  of  the  capping  are  then 
picked  in  position,  leaving  a  slight  clearance  between  their  ends  and  the  flanges  of 
the  pile  reinforcement.  Flat  bars,  as  shown,  are  next  put  in  and  bent  at  their 
ends  to  obtain  a  good  hold  in  the  concrete.  These  are  secured  to  the  capping 
joists  by  round  rods  (&),  which  ai'e  passed  through  holes  in  the  webs  of  the  joists  and 
through  the  flat  bars.     The  whole  combination  is  then  embedded  in  concrete. 

Figs.  196  and  197  show  a  further  method  of  forming  the  connexion  between 
the  capping  and  the  piles  when  the  sills  only  run  in  one  direction.  Fig.  196  is  a 
longitudinal  section  and  Fig.  197  a  cross-section  of  the  capping. 

In  this  case  the  concrete  of  the  pile  is  broken  away,  exposing  a  short  length  of 
the  joist,  the  top  of  which  has  been  machined  true  before  being  put  in  place. 

The  rolled  joists  forming  the  reinforcement  to  the  capping  are  placed  bearing 
on  the  machined  surface,  and  two  straps  of  flat  iron  are  placed  over  them,  one  on 
each  side  of  the  pile  reinforcement  as  shown.  The  concrete  is  then  filled  in,  tying 
the  whole  together. 

Figs.  196  and  197  also  show  the  reinforcement  adopted  by  Mr.  Williams  for 
his  deckings  and  floors. 
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The  main  bars  are  formed  of  small  rolled  joists,  and  the  transverse  reinforce- 
ments of  flat  bars  over  and  und^r  the  joists,  as  shown. 

An  arrangement  for  beams  and  sills  of  long  span  is  shown  in  Fig.  198.  Here, 
instead  of  a  single  rolled  joist,  a  built-up  reinforcement  is  used,  formed  of  straight 
angle  irons  or  other  sections  along  the  top  and  bottom,  connected  by  two  pairs 
of  inclined  ties  of  flat  bars  on  edge,  or  other  suitable  section,  which  are  riveted  or 
bolted  to  them.  Further  bars  are  added  along  the  top  and  bottom  of  the  beam 
from  the  terminations  of  the  inclined  bars,  as  shown  at  v.  These  are  connected 
to  the  other  reinforcements  by  the  same  bolts  or  rivets  which  secure  the  inclined 
and  main  bars  together. 

A  spirally  wound  hooping  of  wire  about  0-20  inches  diameter,  with  a  pitch  of 
about  3  inches,  is  sometimes  added,  as  shown  at  the  left  end  of  the  beam.  These 
would  of  course  extend  throughout  the  whole  length. 

Fig.  199  shows  a  beam  in  which  there  are  more  than  one  set  of  inclined  bars 
on  each  side  of  the  centre.  The  hooping  which  is  sometimes  added  is  shown  at  the 
centre  in  this  figure,  but  would  of  course  extend  throughout  the  whole  length  of  the 
beam. 

The  columns  on  this  system  would  be  reinforced  in  the  same  manner  as  the 
piles. 

Mr.  Williams  has  carried  out  an  interesting  series  of  tests  on  beams  reinforced 
on  the  several  methods  (shown  in  Figs.  198  and  199),  and  also  with  no  inclined  ties, 
but  only  the  wire  hooping.  For  these  tests  he  used  small  rolled  joists  for  the  rein- 
forcing sections.  The  results  show  that  the  beams  reinforced  with  longitudinal  and 
inclined  joists  with  a  hooping  of  0*20  inch  diameter  wire  with  a  pitch  of  3  inches 
have  considerably  the  greatest  resistance. 

The  form  of  reinforcement  which  comes  next  to  this  in  efficiency  is  that  of  the 
longitudinals  with  inclined  ties,  but  without  the  hooping,  and  the  lee«t  efficient 
method  appears  to  be  that  using  longitudinals  with  wire  hooping,  but  with  no 
inclined  ties. 

The  difference  between  the  two  last  methods  is  not  as  great  as  might  be 
expected  if  ordinary  vertical  reinforcements,  placed  three  inches  apart,  had  been 
used  instead  of  the  hoops,  clearly  indicating  the  advantages  of  hooping.  This 
advantage  would  be  the  greater,  since  symmetrical  upper  and  lower  reinforce- 
ments were  used,  as  the  hooping  would  enable  the  concrete  to  follow  the  deforma- 
tion of  the  metal  on  the  compression  side,  as  will  be  explained  later. 

This  is  exactly  what  would  be  expected,  and  it  is  further  interesting  to  note 
that  in  the  latter  case  the  failure  showed  distinct  signs  of  shearing,  whereas  with 
both  the  beams  with  the  inclined  bars  there  was  no  indication  that  the  failure 
was  in  any  measure  due  to  shearing. 

Mr.  Williams  has  carried  out  extensive  works  in  connexion  with  the  new 
station  at  Tilbury  for  the  Tilbury  and  Southend  Railway  Company. 

Wiinsch  System 

This  system  was  introduced  by  the  firm  of  Robert  Wunsch,  of  Budapest,  Hun- 
gary in  1892. 

The  floors  are  either  flat  or  arched,  the  reinforcing  sections  being  T-irons  in 
both  types.  The  flat  floors  have  inverted  T-irons  embedded  in  the  floor  and  ceiling 
^bs. 

115 


SYSTEMS    EMPLOYED 

The  floor  slabs  rest  on  the  upper  flanges  of  rolled  joists,  and  the  inverted  T-iron 
of  the  ceiling  slabs  rest  on  their  bottom  flanges,  as  shown  (Fig.  200).  The  space 
between  the  two  slabs  is  left  hollow,  and  may  be  used  for  carrying  pipes,  wires,  etc. 

In  another  type  of  fiat  floors  the  ceiling  slab  is  not  reinforced,  but  is  formed  of 


Fig.  200 

plaster  slabs  secured  to  timbers,  which  rest  on  the  lower  flanges  of  the  supporting 
joists.  The  flat  floors  are  only  used  fc^  small  spans  ;  for  large  spans  an  arched  form 
of  construction  is  employed,  such  as  that  shown  (Fig.  201). 

The  arches  have  a  flat  extrados,  and  are  usually  sprung  between  rolled  joists 
acting  as  beams.  The  T-section  reinforcement  at  the  extrados  is  horizontal  and 
upright,  that  at  the  intrados  is  curved  and  inverted  ;  the  webs  of  the  two  reinforce- 
ments are  riveted  together  at  the  crown.     The  T-sections  are  also  riveted  to  the 
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Fig.  201 


flanges  of  the  supporting  joists.     At  the  walls  the  two  reinforcements  are  con- 
nected by  vertical  angle  irons  riveted  to  them. 

Arched  bridges  up  to  83  feet  span  with  a  rise  of  -^  the  span  have  been  con- 
structed on  the  Wiinsch  system.  For  large  bridges  bulb  tees  are  sometimes  used. 
The  reinforcements  are  spaced  from  1*64  to  1-97  feet  apart. 
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MATERIALS 

General  Remarks 

Thb  value  of  constructing  in  reinforced  concrete  is  that  the  materials  are  used 
to  the  best  advantage,  and  consequently  the  dimensions  can  be  reduced  to  a  mini- 
mum ;  but  it  is  incumbent  upon  us,  while  reducing  the  dimensions,  to  exercise  the 
greatest  care  in  the  selection  of  the  materials  to  be  employed,  and  since  there  is 
a  saving  in  the  quantity  we  can  afford  to  pay  more  attention  to  the  quality. 

Though  the  materials,  wrought  iron  or  steel  and  the  ingredients  of  concrete, 
are  all  common  and  easily  procurable,  yet  they  should  be  rigidly  inspected  to  ensure 
that  the  quality  of  the  work  is  uniform.  Their  various  properties  can  be  readily 
tested,  so  that  it  is  possible  to  know  the  strength  and  other  qualities  of  the  materials 
available,  and  to  design  the  structure  accordingly. 

Where  poor  materials  have  to  be  used  the  coefficients  employed  in  the  calcula- 
tions must  be  in  proportion,  but  where  possible  only  materials  of  the  best  quality 
should  be  allowed,  even  when  additional  expenditure  must  be  incurred  in  obtaining 
them,  and  workmanship  of  a  similar  standard  should  be  demanded. 

As  it  is  most  important  that  the  concrete  should  be  of  the  same  strength  through- 
out, the  materials  used  in  making  it  must  be  of  uniform  quality. 

The  water  used  in  mixing  must  be  clean,  and  care  should  be  exercised  to  make 
certain  of  this,  as  many  waters,  though  polluted,  appear  clean,  and  yet  may  have  a 
very  marked  effect  on  the  concrete  gauged  with  them.^ 

The  wrought  iron  and  steel  employed  are  generally  of  the  ordinary  commercial 
sections  and  quality  ;  only  in  very  few  instances  are  special  sections  and  materials 
used.  They  should  be  procured  from  a  firm  of  good  standing,  and  their  strength, 
elasticity  and  ductility  guaranteed. 

The  timber  for  the  falsework  must  be  carefully  selected,  of  good  quality  and 
not  liable  to  twist  or  shake,  as  a  slight  failure  of  the  supporting  timber  while  the 
concrete  is  setting,  though  it  may  not  even  be  perceptible^  may  damage  the  struc- 
ture to  such  an  extent  as  to  cause  a  failure. 

CONCRETE 

Matrix 

General  Remarks. — Perhaps  the  most  important  factor  in  a  structure  of 
reinforced  concrete  is  the  quality  of  the  matrix,  which  must  always  be  cement,  as 
limes  do  not  give  sufficient  strength  for  the  small  dimensions  of  such  a  structure: 

^  The  harm  which  may  result  from  insufficient  care  in  this  point  is  shown  by  an  actual 
instance  where  a  large  quantity  of  concrete  was  absolutely  spoilt  in  consequence  of  some  chemi- 
cal refuse  being  turned  into  a  clear  mountain  stream  some  distance  above  tlie  place  where 
water  was  being  abstracted  for  a  reinforced  concrete  structure. 
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As  a  general  rule,  a  finely-ground  slow-setting  cement  is  used,  but  some  con- 
structors employ  quick-setting  cements,  especially  for  pipes,  reservoirs  and  similar 
purposes. 

For  reinforced  concrete  work  cements  of  doubtful  quality  should  in  no  case  be 
employed,  and  for  this  reason  natural  cements  must  be  avoided,  as  their  behaviour 
is  very  uncertain,  and  they  are  more  likely  to  be  uneven  in  quality  than  artificial 
cements  in  which  the  ingredients  can  be  proportioned  with  exactness. 

The  use  of  slag  cements  cannot  be  recommended  unless  they  are  burnt  after 
the  mixing  of  the  ground  ingredients.  They  require  careful  testing  before  their 
employment  is  decided  upon.  They  are  weaker  as  a  rule  than  Portland  cement, 
and  fax  from  uniform  in  their  character,  depending  as  they  do  entirely  on  the 
chemical  constituents  of  the  slag. 

Since  slags  are  composed  mainly  of  alumina  and  silica  and  are  wanting  in 
lime,  the  finely  ground  slag  is  mixed  in  the  requisite  proportions  with  slaked  lime, 
and  the  two  are  then  ground  together  so  as  to  become  thoroughly  mixed.  The 
materials  being  mixed  after  burning  have  not  the  same  chemical  combinations 
as  in  Portland  cement,  and  they  usually  contain  a  higher  percentage  of  alumina 
and  sulphides,  and  at  times  an  excess  of  magnesia.  Sometimes  the  ground  slag 
and  lime  are  burnt  after  mixing,  in  which  case  the  cement  is  of  a  much  better 
character  and  frequently  as  good  as  the  best  Portland  cements. 

La  Societe  Pavin  de  Lafarge  give  the  following  chemical  analysis  of  their  slag 
cement  made  at  Vitry-le-Pranjois — 


Silica        .... 

25*20  per  cent 

Alumina  and  iron 

.      1765     „       „ 

Lime         .... 

.      4840     „       „ 

Magnesia 

2-20     .,       „ 

Residue  and  Loss 

6-45     „        „ 

The  mean  results  of  tests  of  this  cement  are  shown  in  Table  VII,  to  which 
have  been  added  results  given  by  MM.  Bergner  and  Guillerme  in  their  book, 
CemerU  Arme. 

In  his  Masonry  Constmction,  Mr.  Baker  says  :  '*  Slag  cements  contain  excess  of 
Sulphides  and  are  therefore  unfit  for  use  in  air,  particularly  a  very  dry  atmosphere, 
although  imder  water  they  may  give  satisfactory  results." 

The  best  known  slow-setting  cement  is  that  manufactured  under  the  name  of 
"'  Portland,"  and  it  is  advisable  that  this  should  be  exclusively  used  for  structures 
in  reinforced  concrete. 

Specification  Requirements  for  Portland  Cement 

As  time  goes  on,  there  is  no  doubt  that,  as  is  the  case  with  structural  ironwork, 
reinforced  concrete  works  will  be  placed  in  the  hands  of  well  known  and  reputable 
firms  who  are  specialists,  and  will  probably  have  testing  rooms  with  all  necessary 
appliances  where  qualified  inspectors  approved  by  the  engineer  or  architect  may 
make  the  required  tests.  The  engineer  or  architect  will,  however,  design  the 
structure  and  draw  up  the  specification,  and  it  must  be  his  duty  to  see  that  proper 
materials  are  employed. 

For  small  works  elaborate  instruments  for  testing  are  sometimes  not  provided 
for  economy's  sake,  but,  as  a  general  rule,  this  form  of  construction  is  carried  out  by 
firms  who  make  it  a  speciality,  and  who  undertake  the  testing  of  the  materials, 
guaranteeing  that  only  those  of  the  best  qualities  are  supplied. 
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REINFORCED   CONCRETE 

It  is  therefore  deemed  advisable  to  briefly  detail  the  specification  requirements 
for  all  the^materials  used,  and  to  indicate  the  tests  which  should  be  adopted.  These 
requirements  are  generally  somewhat  more  severe  than  those  of  the  British  Standard 
Specification,  but  for  reinforced  concrete  work  a  specially  good  cement  is  required, 
and  any  properly  manufactured  cement  can  pass  the  following  requirements. 

The  qualities  for  which  the  cement  should  be  carefully  and  frequently  tested 

are — 

1.  Coolness. 

2.  Fineness  of  grinding. 

3.  Specific  gravity. 

4.  Constancy  of  volume. 

5.  Time  of  setting. 

6.  Chemical  composition. 

7.  Strength. 

(a)  Cohesive  strength. 
(h)  Adhesive  strength. 

1.  G>olness. — ^A  properly  manufactured  Portland  cement  is  fit  for  use  as 
delivered,  and  if  storing  is  necessary,  the  method  adopted  should  be  varied  to 
suit  the  k  nd  of  cement  under  consideration.  A  cement  calcined  in  rotatory  kilns 
should  be  stored  in  bulk,  as  storage  in  thin  layers  is  not  to  be  recommended  for 
such  cements,  while  those  calcined  in  chamber  kilns  require  frequent  turning  and 
storage  in  thin  layers.  If  the  cement  will  pass  the  tests  for  constancy  of  volume, 
there  is  no  necessity  for  storage. 

2.  Fineness  of  Grinding. — The  importance  of  fine  grinding  need  not  be  en- 
larged upon,  as  it  is  well  known  that  it  has  a  very  great  influence  on  the  properties 
of  the  cement.  Providing  all  other  details  are  in  order,  the  cementitious  value  of  a 
cement  depends  directly  upon  the  amount  of  impalpable  powder  which  it  contains. 

After  being  genUy  shaken  until  all  the  cement  possible  h^as  passed  through^  not 
more  than  10  per  cent,  residue  shall  remain  on  a  180  x  180  sieve,  the  size  of  the 
ivire  being  0-0020  inches  diameter,  or  No,  47  British  Standard  Wire  Gauge ;  it 
must  ail  pass  a  76  x  76  sieve,  the  size  of  the  tvire  being  0-0044,  or  No.  41  British 
Standard  Wire  Oaujge} 

For  this  test  100  parts  of  the  cement  by  weight  are  placed  in  the  sieve  after 
drying  at  212^  F.,  and  after  shaking  the  residue  is  weighed.  It  would  be  unfair 
to  judge  by  weighing  what  is  caught  beneath  the  sieve,  as  some  may  be  lost  in 
the  air.  This  test  is  much  stricter  than  most  British  specifications  at  the  present 
time,  but  a  well-ground  cement  should  easily  pass  it,  and  such  a  standard  is 
quite  usual  in  German  specifications. 

3.  Specific  Gravity. — The  test  most  generally  adopted  in  this  country  is  that 
of  the  weight  per  striked  bushel.  The  specific  gravity  is,  however,  a  far  better  and 
surer  indication  of  thoroughness  of  burning  than  the  weight  per  striked  bushel. 

The  manner  of  filling  the  bushel  measure  greatly  infiuences  the  weight,  while  by 
taking  the  specific  gravity  there  is  no  chance  of  error  if  ordinary  care  is  exercised. 

It  is  impossible  to  obtain  a  heavy  weight  per  bushel  with  a  finely  ground 
cement,  as  the  two  are  opposed  to  one  another.  The  finer  the  cement  the  lighter 
it  will  be,  as  there  will  be  more  air  in  the  interstices. 

The  specific  gravity  must  not  be  less  than  3-16  with  fresh  cement,  or  3-08  after  24 
hours*  aeration  in  a  1-inch  layer,^  and  shall  not  be  more  than  3-26  for  fresh  cements. 

^  These  sizes  of  wire  are  according  to  Continental  and  American  practice,  in  which  the 
diameter  of  the  wire  is  one  half  the  size  of  the  opening. 

'  For  a  cement  calcined  in  chamber  kilns  the  thickness  of  layer  may  be  reduced  to  ^inch. 
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Between  the  extremes  of  60^  and  80^  F.  this  test  is  not  affected  by  temperature, 
providing  it  remains  constant  throughout  the  test. 

The  simplest  apparatua  for  determining  the  specific  gravity  is  Schuman's 
specific  gravity  bottle  or  other  volumeter  graduated  to  cubic  centimetres  with 
decimal  sub-divisions. 

The  liquid  employed  for  filling  is  generally  oil  of  turpentine  or  petroleum, 
since  with  water  a  chemical  change  would  take  place.  The  turpentine  or  petroleum 
must  be  perfectly  free  from  water,  which  can  be  secured  by  allowing  the  liquid  to 
stand  over  good  quicklime  or  similar  dehydrating  agent,  which  will  not  be  acted 
on  by  the  liquid  itself.  A  large  bottle  of  this  can  be  prepared  and  used  as  required, 
being  kept  in  a  tank  of  water. 

The  cement  is  dried  for  about  twenty  minutes  on  a  metal  plate.  The  number 
of  grammes  required  is  then  weighed  out  and  poured  carefully  into  the  volumeter, 
(which  has  been  previously  filled  to  the  proper  height  with  the  liquid)  through  a 
funnel,  so  that  none  sticks  to  the  sides,  the  bottom  of  the  funnel  being  kept  just 
above  the  liquid. 

The  volume  of  the  displacement  is  then  read  in  decimals  of  cubic  centimetres. 
The  specific  gravity  will  be  the  number  of  grammes  of  cement  used  divided  by  the 
displacement  in  cubic  centimetres.  For  Schuman's  apparatus  100  grammes  of 
cement  are  used. 

Messrs.  Stanger  and  Blount's  flask  is  perhaps  more  easy  to  use  than  Schuman's, 
as  the  long  neck  of  the  latter  makes  it  somewhat  unwieldy,  and  it  requires  great 
care  to  get  the  cement  down  the  neck  without  sticking  to  the  sides.  Messrs.  Stanger 
and  Blout's  apparatus  is  a  smaU  flask  with  a  graduated  neck.  The  body  of  the 
jlask  has  a  capacity  of  64  cubic  centimetres. 

The  graduations  on  the  neck  are  marked  from  14  to  17  cubic  centimetres  with 
decimal  subdivisions.  Fifty  cubic  centimetres  of  the  liquid  are  placed  in  the  flask, 
being  measured  in  a  pipette,  or  other  measure,  which  is  easily  procured.  The 
liquid  is  poured  into  the  flask  through  a  funnel  if  a  pipette  is  not  employed  for 
measuring,  so  that  the  sides  of  the  neck  may  be  kept  dry.  Fifty  grammes  of  cement 
are  then  gradually  added  through  a  funnel  and  the  displacement  read. 

The  liquid  introduced  being  50  cubic  centimetres  and  the  known  capacity  of 

64  cubic  centimetres,  there  remains  14  cubic  centimetres  to  be  displaced  before  the 

first  graduation,  marked  14,  is  reached. 

50 

The  specific  gravity  will  be  -~- : — ; . 

displacement  m  cubic  centimetres. 

The  liquid  must  he  brought  to  its  origincU  temperature  before  the  displacements 
are  read,  which  is  easily  done  by  placing  the  apparatus  for  a  short  time  in  the  same 
water  on  which  the  stock  bottle  ia  kept.  Mr.  Baker,  in  his  Masonry  Construction, 
says  that  a  change  of  1°  Centigrade  in  the  turpentine  between  the  readings  of  the 
volumeter  will  make  a  difference  of  0-08  in  the  resulting  specific  gravity. 

Keat's  specific  gravity  bottle  is  another  apparatus  of  a  different  type  which  may 
be  employed  for  this  purpose. 

It  is  in  the  form  of  two  bulbs  with  a  narrow  neck,  between  which  a  ring  {b)  is 
etched  ;  another  ring  [a)  is  also  etched  round  the  neck  at  the  top.  The  bottle  is 
filled  through  a  funnel  with  the  oil  of  turpentine  or  other  suitable  liquid  to  the 
ring  (6).  It  is  then  weighed  in  a  balance,  after  which  the  cement  is  gradually 
added  through  a  funnel  until  the  hquid  rises  to  the  ring  (a).  The  bottle  is  then 
re-weighed,  which  will  give  the  weight  of  the  cement  added.     If  the  bottle  is  marked 
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1,000  grains,  which  means  that  the  portion  between  (a)  and  (b)  has  a  capacity  of 
1,000  grains  of  water  at  60°  F.,  the  weight  of  the  added  material  is  the  specific  grav- 
ity. If  it  is  marked  600  grains,  the  specific  gravity  is  the  weight  of  the  added 
cement  divided  by  2.    The  weight  must,  of  course,  be  in  grains. 

4.  Constancy  of  Volume. — ^Although  constancy  of  volume  when  the  cement 
has  set  is  important  for  all  works  in  concrete,  it  is  even  more  important  when 
reinforced  concrete  is  the  material  to  be  employed. 

A  pat  about  3  inches  diameter,  \  inch  thick  at  the  centre  and  reduced  to 
fine  edges,  mixed  for  between  2  and  5  mintUes  on  a  non-absorbent  surface  vnth  22^ 
per  cent,  of  uxtter,  shall  be  placed  on  a  glass  plate,  and  allowed  to  set  under  a  damp 
doth  for  24  Jiours  ;  it  shaU  then  be  placed  in  a  loosely  closed  vessel  above  cold  waifx 
which  shall  be  slowly  raised  to  boiling  poirU  and  kept  boiling  for  3  hours.  There  shall 
be  no  signs  of  warping  or  cracking.  Shovld  the  pat  leave  the  glass,  this  shall  not 
be  taken  as  a  sign  that  the  cemerU  is  unsuitable.  The  temperature  while  the  cement 
is  being  gauged  and  while  it  is  setting  shall  be  between  58°  and  64°  F.  This  test  is 
undoubtedly  severe,  but  in  view  of  the  importance  of  the  works,  every  possible 
precaution  should  be  taken  to  ensure  that  all  cement  used  is  of  undoubted  sound- 
ness, and  all  cements  manufactured  by  scientific  methods  should  be  able  without 
difficulty  to  satisfactorily  pass  it.  The  Le  Chatelier  test,  as  recommended  in 
the  British  Standard  Specification,  can  also  be  used.  The  Le  Chatelier  apparatus 
consists  of  a  small  split  brass  cylinder  0*5  millimetres  thick  and  30  millimetres 
diameter.  On  either  side  of  the  spUt  are  two  long  prongs  with  pointed  ends.  The 
distance  of  the  ends  from  the  centre  of  the  cylinder  is  165  millimetres.  The  cemerd 
paste,  mixed  as  above,  is  put  into  the  Le  Chatelier  cylinder,  which  is  then  placed  in 
.water  at  a  temperature  of  68°  to  64°  F.  for  24  hours.  The  distance  between  the  points 
is  then  measured,  and  the  mould  placed  in  cold  water,  which  is  brought  to  boiling 
point  in  15  to  30  minutes  and  kept  boiling  for  six  hours.  After  cooling,  the  distance 
between  the  points  is  again  measured,  and  the  difference  between  the  two  measurements 
represents  the  expansion  of  the  cement.  This  must  not  exceed  12  millimetres  if  the 
cement  has  been  aerated  in  a  layer  l^  to  2  inches  thick  for  24  hours,  or  6  millimetres 
if  the  aeration  is  extended  over  seven  days.  The  Le  Chatelier  test  is  considered  more 
severe  than  the  pat  test. 

5.  Time  of  Setting. — This  is  a  property  which  varies  greatly,  and  appears  at 
present  to  be  to  some  extent  beyond  the  maker's  control.  A  cement  may  be  per- 
fectly sound  and  of  good  quality  which  takes  its  initial  set  within  five  minutes  of 
the  commencement  of  gauging  and  its  final  set  within  twenty  minutes,  but  such 
cements  will  generally  set  more  slowly  after  sufficient  storage.^ 

It  is  well  known  that  the  time  of  setting  within  wide  limits  is  no  criterion  of 
the  quaUty  of  a  Portland  cement.  For  certain  purposes  it  is  necessary  to  obtain 
either  a  slow  or  quick-setting  cement  according  to  circumstances,  and  in  such  cases 
it  is  necessary  to  restrict  the  times  of  setting  within  well-defined  Hmits. 

For  ordinary  purposes  a  cement  for  which  the  initial  set  takes  place  in  not  less 
than  ten  minutes  after  the  commencement  of  gauging  and  the  final  set  in  not  more 
than  five  and  a  half  hours,  will  be  sufficiently  slow  to  allow  of  it  being  mixed  satis- 
factorily for  concrete,  particularly  as  an  excess  of  water  is  generally  used  in  gauging. 

For  reinforced  concrete,  however,  it  is  usually  advisable  to  use  a  cement  which 

^  The  Associated  Portland  Cement  Manufacturers  have  patented  a  process,  by  which 
cement  calcined  in  rotatory  kilns  is  treated  with  a  steam  jet  while  passing  through  the  grinding 
mills.  This  process  appears  to  be  very  effectual  in  slowing  down  the  setting  to  any  reasonable 
requirements. 
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is  specially  slow  setting,  in  order  that  the  separate  layers  may  become  thoroughly 
incorporated. 

The  cement  shaU  be  mixed  on  a  non-absorbent  surface  for  not  less  than  2  minutes 
nor  more  than  5  minutes  with  22^  jyer  cent,  of  uxiter  into  a  paste,  and  be  tested  by  the 
Yicat  or  other  suiUMe  apparatus.  The  initial  set  shall  not  take  place  under  30  min- 
utes, nor  the  final  set  under  6  or  over  10  hours,  the  paste  being  covered  tvith  a  damp 
doth  between  the  testing  unth  the  needle.  The  temperature  during  this  test  shall  not 
vary  beyond  the  extremes  of  68°  and  64**  F.  The  manufacturer  mxiy  be  allowed  to 
add  to  the  manufactured  cement  any  quantities  of  calcium  sulphate  (calculated  as 
anhydrous  calcium  sulphate)  or  water  up  to  2  per  cent,  of  the  weight  of  the  cement,  in 
order  to  satisfy  this  test. 

Care  should  be  taken  that  sufficient  paste  is  made  to  more  than  fill  the  mould, 
80  that  after  shaking  down,  the  "  scum,"  or  finest  particles  of  cement  that  rise 
to  the  surface,  may  be  struck  off  with  the  surplus  paste,  leaving  a  true  and  perfect 
surface  on  which  to  make  the  impressions.  If  a  '^  scum  "  is  allowed  to  remain 
on  the  surface,  the  results  will  not  be  reliable. 

For  this  test  the  Vicat  needle  apparatus  may  be  employed,  in  which  case  the 
paste  is  placed  in  a  brass  cylinder  4  centimetres  high  and  8  centimetres  in  diameter, 
with  a  needle  1  millimetre  square  suspended  above  and  weighted  to  300  grammes. 
This  needle  is  lowered  to  the  top  of  the  paste  and  let  drop.  When  it  ceases  to  pene- 
trate to  the  bottom  of  the  cylinder  the  initial  set  has  taken  place,  and  when  it 
makes  no  impression  on  the  cement  the  time  of  final  set  is  recorded.  The  tests 
are  frequently  made  in  this  country  with  a  needle  j^^jth  of  an  inch  square  weighted 
to  2^  pounds. 

Another  method,  adopted  for  this  test  in  America,  and  sometimes  in  this  country, 
18  to  make  two  pats  on  glass  plates  3  inches  in  diameter  and  i  inch  at  the  centre  re- 
ducing to  thin  edges,  one  being  used  for  the  initial  and  one  for  the  final  set.  The 
test  for  the  initial  set  is  made  by  applying  a  ^^  inch  diameter  needle  weighted  to  a 
quarter  of  a  pound.  If  any  indentation  is  made  the  cement  has  not  commenced  to 
set.  For  the  final  set  a  needle  of  -^  inch  diameter  and  loaded  to  1  pound  is 
applied.    There  must  be  no  indentation  when  the  final  set  has  taken  place. 

Particidar  emphasis  should  be  laid  on  the  initial  set,  as  many  cements  that 
are  slow  in  the  final  set  commence  to  set  quickly  and  then  harden  more  slowly,  until 
the  final  set  may  take  as  long  as  the  best  slow-setting  cements.  The  time  of  setting 
varies  with  the  temperature,  being  slower  as  it  decreases ;  it  is  therefore  necessary 
to  restrict  the  limits  of  temperature  during  this  test. 

6.  Chemical  Composition. — ^A  chemical  analysis  of  the  cement  employed 
should  be  carefuDy  made,  more  particularly  for  the  proportions  of  magnesia  and 
sulphuric  acid,  and  the  proportion  of  soluble  silica  and  alumina  to  the  lime.  The 
chemical  analysis  is  specially  important  when  the  cement  is  required  for  works 
ezix)6ed  to  the  action  of  sea  water,  in  which  case  the  percentage  of  sulphate  of 
Hme  and  of  magnesia  should  be  limited. 

Sulphate  of  lime  or  gypsum  is  used  frequently  to  cause  a  naturally  quick-setting 
oement  to  set  slowly  and  to  increase  the  short  time  tensile  strength.  (The  addition 
of  1  to  2  per  cent,  of  gj^psum  will  alter  the  time  of  setting  from  a  few  minutes  to 
B'^veral  hours.)  An  excess  of  lime  is  frequently  used  with  the  gypsum  to  hide  it  tem- 
porarily. The  addition  of  gypsum  will  also  enable  a  cement  to  pass  the  boiling  test 
for  constancy  of  volume.  Excess  of  sulphides  is  indicated  by  brownish  or  yellowish 
blotches  on  pats  exposed  to  air,  and  by  a  greenish  fracture  in  pats  kept  in  water. 
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A  oemeHt  that  has  been  adulterated  with  gypsum  will  again  become  quick 
setting  if  mixed  with  a  solution  of  carbonate  of  soda. 

The  chemical  composition  can  of  course  only  be  determined  by  a  properly 
qualified  analytical  chemist  accustomed  to  testing  cements,  but  there  is  no  doubt 
that  it  should  be  known  to  the  engineer,  since  it  is  one  of  the  most  important  guides 
to  the  character  of  a  cement. 

T?ie  chemical  composition  must  he  as  follows — 

Lfime 

Silica 

Alumina 

Ferric  oxide    . 

Sulphuric  anhydride 

Magnesia 

Insoluble  residue 

Alkalies  (not  including  loss  in  analysis) 

7.  Tests  for  Strength. — ^Although  these  are  the  tests  most  generally  speci- 
fied, they  are  perhaps  the  least  important  as  specification  requirements,  since 
if  the  other  tests  mentioned  above  are  complied  with,  a  cement  can  hardly  fail  to 
give  good  results  for  cohesion  and  adhesion.  These  latter  tests,  however,  especially 
that  for  adhesion,  add  to  our  knowledge  of  the  properties  of  the  cement,  and  give 
an  assurance,  if  properly  carried  out  and  interpreted,  that  the  resistance  of  the 
concrete  will  be  sufficient  to  bear  the  imposed  stresses. 

It  is  very  usual  to  find  it  specified  that  the  average  result  from  a  set  of  briquettes 
shall  be  taken.  This,  however,  is  not  always  the  case.  For  acceptance  tests  tht 
maximum  result  should  be  allowed,  since  a  cement  cannot  have  less  strength  than 
the  maximum  obtained,  and  the  premature  failure  of  the  other  briquettes  is  due  to 
defective  manipulation. 

For  experimental  purposes  when  making  tests  for  the  effects  of  different  in- 
gredients, for  the  methods  of  mixing,  for  the  effects  of  circumstances,  etc.,  on  mortar 
or  cements,  it  is  the  average  value  which  is  undoubtedly  the  proper  one  to  take.  In 
tests  for  resistances,  where  the  values  obtained  will  be  employed  in  the  valuations 
of  coefficients  for  the  calculations  or  other  similar  purposes  the  lowest  result  must 
be  taken  for  obvious  reasons. 

The  tests  for  strength  should  be  always  carried  out  by  a  thoroughly  experi- 
enced man,  since  the  results  depend  largely  on  the  proper  manipulation.  The 
briquettes  almost  universally  adopted  at  the  present  day  have  a  breaking  section  of 
one  square  inch  area,  and  the  records  are  given  at  once  in  pounds  per  square  inch. 

The  testing  machine  which  must  be  on  a  firm  base  to  avoid  vibrations,  should 
apply  the  stress  automatically  at  a  rate  of  100  pounds  in  15  seconds.  It  is  very 
necessary  that  the  table  on  which  the  briquettes  are  moulded  and  left  to  set  should 
be  perfectly  steady,  as  any  vibration  during  the  process  of  setting  has  a  marked 
effect  on  the  strength  of  a  cement  or  mortar. 

The  briquette  moulds  should  be  placed  on  sheets  of  damp  blotting-paper. 

(a)  Cohesive  Strength. — The  cement  shaU  be  mixed  for  not  less  than  2  nor 
more  than  5  minvles  on  a  non-absorbent  surface  with  \%\  per  cent,  of  water ;  it  shall 
then  be  placed  in  moulds  {having  a  breaking  section  of  1  sqv^re  inch)  resting  on  a  metal 
or  similar  surface,  which  has  been  slightly  greeted  with  mineral  oil,  the  cement  paste 
being  rammed  into  the  moulds  with  a  hand  rammer,  but  no  mechanical  ramming 
wUl  be  allowed.  The  briquettes  shall  then  be  left  under  a  damp  doth  for  24  hours,  after 
which  the  moulds  shaU  be  removed  and  the  briquettes  placed  in  cold  vxUer  until  tested 
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The  maximum  tensile  strength  obtained  from  each  set  of  briqtiettes,  which  must  he  at 
least  three  in  number^  shall  be  at  least  as  foUows — 

2  days  after  gauging^  at  least  230  pounds  per  square  inch, 

*  »  >»  »»  >»  •JOU  j^  ))  y,  jy 

'  >»  »»  »»  »♦  40U  ,y  yy  y,  y, 

^O  yy  t»  »»  »»  OOU  yy  ff  ft  yy 

jTAere  mi^<  &e  a  rise  in  strength  of  at  least  50  pounds  per  square  inch  between  ecLch 
feriod.     The  stress  to  be  applied  at  the  rate  of  100  pounds  per  15  seconds. 

The  temperature  of  the  testing  room  and  the  waiter  shall  be  kept  between  the  limits 
of  58*^  and  64^  F. 

The  table  on  which  the  briquettes  are  made  and  left  to  set  must  be  free  from  vibration. 

{b)  Adhesive  Strength. — The  mortar  shall  be  mixed  for  not  less  than  2  minutes 
and  not  more  than  5  minutes  on  a  non-absorbent  surface  in  the  proportions  by  weight 
of  1  of  cement  to  S  of  perfectly  dry  LeigJUon  Buzzard  or  other  standard  sand,  which 
has  passed  a  20  x  20  sieve  and  been  retained  on  a  30  x  30  sieve  ;  8  per  cent,  of  uxUer 
to  the  weight  of  cement  and  sand  together  shall  be  used  in  mixing.  This  mortar  shall 
then  be  rammed  with  a  hand  rammer  (no  mechanical  ramming  will  be  allowed)  into 
moulds  having  a  breaking  section  of  1  square  inch,  resting  on  a  metal  or  similar  sur- 
face, which  has  been  slightly  greased  with  min^eral  oU.  The  briquettes  shall  then  be  left 
under  a  damp  doth  for  48  Jiours,  after  which  the  moulds  shall  be  removed  and  the  briquettes 
placed  in  cold  waler  until  tested.  The  maximum  tensile  strength  obtained  from  each 
set  of  briquettes,  which  must  be  at  least  three  in  number,  shall  be  cU  least  as  follows — 

7  days  after  moulding,  at  hast  180  pounds  per  square  inch. 

There  must  be  a  rise  in  strength  of  at  least  50  pounds  per  square  inch  between 
each  period.     The  stress  to  be  applied  at  the  rate  of  100  pounds  per  1 5  seconds. 

The  temperature  of  the  testing  room  and  the  uxtter  shall  be  kept  between  the  limits 
of  58°  and  64°  F. 

The  table  on  which  the  briquettes  are  made  and  left  to  set  must  be  free  from  vibration. 

When  making  the  adhesive  tests  for  acceptance,  it  is  well  also  to  make  similar 
tests,  using  the  sand  employed  on  the  works.  This  will  be  a  test  for  the  quahty 
of  sand,  and  also  gives  data  for  the  resistance  of  the  concrete  used.  The  results  of 
these  tests  should  approximate  those  where  standard  sand  is  used  if  that  employed 
on  the  works  is  of  good  quahty,  such  as  is  required  for  reinforced  concrete. 

Quick-Setting  Cements. — Quick-setting  cements  are  generally  weaker  than 
those  which  are  slow  setting.  They  are  usually  natural  cements,  and  are  therefore 
somewhat  uncertain  in  their  chemical  composition  and  uneven  in  quality.  They 
should  not  be  air  slaked. 

For  works  where  impermeability  is  not  necessary,  these  cements  are  sometimes 
used  for  rendering  the  surface  and  for  making  good,  if  this  is  required,  but  it  is 
better  to  use  one  that  is  slow  setting  for  this  purpose,  as  quick-setting  cements  are 
more  Uable  to  cause  cracking  of  the  surface.  They  may,  however,  be  used  for 
rendering  purposes  where  impermeability  is  a  desideratum,  since  in  such  cases 
the  atmospheric  conditions  are  not  so  variable.  It  is  better,  however,  to  use  slow- 
setting  cement  even  in  this  case  if  possible.  They  are  employed  by  several  firms 
for  the  construction  of  pipes  and  of  sewers  and  reservoirs.  This  is  particularly 
the  case  in  those  systems  where  special  sections  of  reinforcements  are  adopted, 
such  as  those  of  Boima  and  Bordenave,  and  where  the  mortar  is  poured  into  the 
moTilds  in  the  form  of  a  grout. 
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Slow-setting  cements  are,  as  a  rule,  more  expensive  than  those  which  set  quickly, 
will  not  bear  so  much  water,  and  require  more  moulds  on  account  of  the  time  which 
must  elapse  before  removal. 

In  the  Bordenave  system  the  mortar  is  always  made  of  quick-setting  cements 
for  the  construction  of  pipes  and  reservoir  walls.  For  the  Bonna  system  mixtures 
of  slow  and  quick-setting  cements  are  employed.  In  both  cases  those  that  set  slowly 
are  used  for  the  floors  and  roofs  of  reservoirs  and  for  rendering  the  surface  where 
required. 

The  tests  for  na^uroZ  cemen^^  may  be  conducted  in  the  same  manner  as  described 
for  those  that  are  slow  setting,  but  they  wiU  require  more  water  for  gauging. 

They  sTiovld  he  finely  ground,  leaving  not  more  than  15  per  cent,  residue  on  a 
120  X  120  sieve,  the  size  of  the  wires  being  0*0028  inches  diameter,  or  No.  45  British 
Imperial  Standard  Wire  Gauge  after  drying  at  212^  F. 

Their  specific  gravity  "wi)!  vary  between  2-70  and  3*00.  This  will  necessitate  45 
grammes  of  cement  being  used  for  Stanger  and  Blount's  flask  instead  of  50  grammes. 

For  the  test  for  constancy  of  volume,  pats  mixed  with  30  per  cent,  of  water, 
3  inches  diameter  and  ^  inch  thick  at  the  centre,  reduced  to  fine  edges,  placed  in 
water  after  setting,  should  show  no  signs  of  disintegration  or  warping  after  immer- 
sion for  7  days. 

The  initial  set  should  take  place  between  3  and  20  minutes  after  moulding, 
and  the  final  set  in  not  more  than  1  hour. 

As  regards  chemical  constituents,  quick-setting  natural  cements  should  contain 
enough  silica  to  completely  silicate  the  Ume.  The  stones  from  which  they  are  ob- 
tained  should  have  a  large  proportion  of  iron  and  alumina,  especially  iron,  compared 
with  the  lime,  and  the  alumina  should  not  combine  with  the  lime.  The  high  alumina 
in  quick-setting  cements  renders  them  unfit  for  permanent  use  in  sea  water.  For 
natural  cements  the  stones  are  broken  very  small  and  burnt  at  a  low  temperature. 

The  strength  of  quick-setting  cements  varies  considerably.     Baker,  in  his  Masonry 

Construction,  gives  the  following  values  in  pounds  per  square  inch  for  the  tensile 

strength  of  natural  cements. 

TABLE  Vin 


Timee  before  Testing 

Neat 

Cement  to 
2  Sand 

24  hours  (in  water  after  setting) 

7  days  (1  day  in  air,  6  days  in  water) 

28  days  (1  day  in  air,  27  days  in  water)          .... 

iis 

125 
200 

Faija's   specification  for  quick-setting   Portland  cement  gives  the  following 
values  in  pounds  per  square  inch  for  neat  cement  placed  in  water  when  set. 

TABLE  IX 


Time  of  Test  after  Moulding 


3  days 
7  days 


Tensile  Strength 


176. 


400,  with  a  rise  of  20  to  25%  of  that  of  3  days. 


The  strengths  for  natural  cements  should  be  at  least  those  given  by  Mr.  Baker. 
The  amount  of  water  required  for  gauging  will  be  about  30  per  cent,  for  neat 
cement  and  15  per  cent,  for  1  of  cement  to  2  of  sand. 

128 


MATERIALS 

These  cements  will  not  bear  more  than  2  of  sand  and  1  of  cement.  Only 
one  briquette  should  be  gauged  and  moulded  at  a  time. 

Quick-setting  Portland  cements  are  stronger  than  natural  cements  and  will 
sometimes  approximate  to  the  specification  requirements  given  for  slow-setting 
cements.  A  slow-setting  cement  may  be  made  to  set  more  rapidly  when  required 
by  preparing  the  mortar  or  concrete  with  warm  water,  or  by  limiting  the  amount 
of  water  used  in  mixing. 

Aggregates 

General  Remarks. — The  selection  of  the  aggregates  for  reinforced  concrete 
works  is  a  matter  which  necessitates  great  care.  Those  which  are  easily  obtainable 
in  the  locaUty  very  naturally  suggest  themselves  in  the  first  instance,  and  if  in  every 
way  suitable  will  be  used,  but  they  must  be  carefully  tested  as  to  their  properties, 
and  not  employed  if  found  unsuitable,  unless  their  quality  is  taken  into  account 
in  making  the  calculations.  It  must  always  be  borne  in  mind  that  a  weak  aggre- 
gate will  make  a  weak  concrete,  and  that  adding  to  the  proportion  of  cement  used 
will  not  strengthen  the  mixture. 

Sand. — ^Although  it  has  been  found  that  a  small  percentage  of  clay  in  a  sand, 
even  up  to  10  per  cent.,  will  not  always  reduce,  and  frequently  increases  the  resist- 
ance of  a  mortar,  careful  comparative  tests  should  be  carried  out  on  a  sand  with 
impurities  as  against  the  same  sand  when  washed,  before  its  use  unwashed  is  decided 
upon,  and  these  tests  should  be  carried  over  as  long  a  period  as  possible  to  determine 
the  effect  of  age.  Any  sand  which  may  have  come  in  contact  with  alkaline  or 
acid  solutions  must  not  be  used. 

The  question  of  the  best  sizes  of  sand  grains  has  received  a  good  deal  of 
attention. 

The  conclusions  of  M.  Feret,^  Chief  of  the  Laboratory  of  the  Fonts  et  Chauss6es 
at  Boulogne,  drawn  from  an  extensive  series  of  experiments,  are  perhaps  the  most 
nsefid  on  this  subject. 

The  French  commission  for  the  standardization  of  methods  of  testing  give 
the  name  of  sand  to  mixtures  in  which  the  grains  will  pass  a  sieve  of  5  millimetres 
X  6  millimetres  mesh  (about  ^x^  inches). 

They  designate  as  large  grains  those  between  5  and  2  millimetres  -  as  meaium 
grains,  2  and  0*5  millimetres  ;   and  as  fine  grains,  those  less  than  0*5  miUimetres 
or  about  5^^^  of  an  inch  ;   and  term  the  proportions  of  the  several  grains  which  a 
sand  may  contain  its  granular  composition. 

M.  Feret  formed  the  following  conclusions  on  the  effect  of  the  granular  compo- 
sition of  the  sand  on  the  resistances  of  mortars. 

For  mortars  containing  the  same  weight  of  matrix  to  the  same  weight  of 
sand — 

1.  The  resistance  is  less  for  the  mortars  with  regular  grains,  and  becomes  less 
and  less  as  the  grains  become  smaller. 

2.  The  resistance  increases  as  the  sand  becomes  more  mixed,  the  maximum 
resistance  being  obtained  for  sands  in  which  there  are  no  medium  grains,  the  propor- 
tion of  large  grains  being  double  the  fine  grains  which  must  include  the  matrix  itself. 

It  appears  from  M.  Feret's  experiments  that  it  is  necessary  to  know  the  granular 
composition  of  the  sand  used,  and  to  only  use  those  which  are  the  best  obtainable, 

^  M.  Feret's  experiments  and  deductions  will  be  more  fully  treated  under  the  heading 
of  the  proportioning  of  ingredients. 
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and  that  it  is  never  advisable  to  use  sands  composed  of  fine  grains  only,  although 
the  employment  of  a  sand  of  large  and  fine  grains  is  advantageous. 

M.  Feret  also  found  that  for  sands  of  the  same  granular  composition,  but  of 
different  nature,  the  volume  of  voids  becomes  less  as  the  grains  are  more  rounded. 

Some  experiments  made  by  Herr  B.  Dykerhoff  on  the  effect  of  finely  ground 
sand  on  the  strength  of  mortars  show  that  there  is  an  increase  of  strength  when 
finely  ground  sand  is  added  to  a  sand  of  normal  grains.  They  also  show  that  cal- 
careous sand  is  chemicedly  wholly  inactive  when  used  for  making  mortar.  Table 
X  shows  the  results  of  these  experiments. 

The  sand  and  marble  were  ground  to  pass  a  sieve  closely  approximating  to  our 
180  X  180  mesh,  and  was  therefore  finer  than  the  cement. 

TABLE  X 


Proportiona  of  Ingredients  by  Weight 

Tensile  Strength  in  Pounds  per  Square  Inch 

Weight  of 

Cement 

Normal 
Sand 

Rhine 
Sand 

Ground 
Sand 

Grotmd 
Marble 

Days 

28 
Pays 

90 
Days 

6 

Briquettes 

4 

4 
4 

4* 
4 

T 

i 

221 
256 
255 

249 
307 
307 

309 
366 
372 
302 
426 

786 
825 
820 
805 

827 

The  Rhine  sand  is  an  ordinary  river  sand  of  mixed  grains. 

These  tests  show  that  the  density  and  strength  of  mortars  are  influenced  by  the 
granular  composition  of  the  sand. 

In  marine  structures  and  those  to  resist  water  pressure  the  density  of  the 
concrete  as  well  as  the  strength  is  of  great  importance,  and  therefore  in  such  struc- 
tures a  sand  containing  the  smallest  possible  percentage  of  voids  should  be 
employed. 

Some  further  tests  which  emphasize  the  same  point  were  published  in  the 
Annates  des  Fonts  et  Chaussees,  vol.  2,  1890.  the  results  of  which  are  given  id 
Table  XI. 


TABLE  XI 


Size  of  Sand 

Percentage 
of  Water 

Tensile  Strength  in  Kilogrammes  per  Square  Centimetre 

3  Days 

7  Days 

28  Days 

3  Months 

1  Year 

2  Years 

1 

2 

3 

4 

6 
Mixture  of 
above  sand 

15 
17 
22 
27 
33 

22 

1-97 
1-29 
100 
0-77 
0-39 

1-45 

3fi3 
3-87 
2-50 
2-22 
1-94 

3-29 

6-56 
7-49 
5-24 
4-90 
417 

7-39 

8-79 
10-45 
9-27 
6-90 
6-74 

10-49 

10-73 

11-35 

1111 

8-32 

8-21 

1317 

12- 14 
13-14 
11-2^ 
10-36 
906 

1416 

All  these  tests  were  made  with  the  same  proportions  of  ingredients.  Sajid 
No.  1  was  very  coarse,  and  No.  6  was  a  "  blown  sand  "  ;  No?.  2,  3,  and  4  were 
graduated  between  these. 
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The  tests  show  that  the  strength  increases  with  the  size  of  grain,  as  M.  Feret 
has  pointed  out,  if  even  grained  sands  are  used ;  but  that  the  mixture  of  all  the 
sizes  or  a  sand  of  varying  granular  composition  will  make  a  stronger  mortar  than 
any  one  sand  used  alone.  The  mixture  of  fine  and  coarse  sand  only  was,  unfortu- 
nately, not  tested.    This,  according  to  M.  Feret,  would  have  given  the  best  result. 

Mr.  Baker,  in  his  Mctaonry  Construction,  gives  the  following  tables  showing  the 
effect  of  the  size  of  grain  of  sands  in  cement  mortars. 


TABLE  Xn 
Effect  of  Fineness  of  Sand  upon  1  to  2  Csment  Mobtail 


Size  of  Sand 

Tensile  Strength  Pounds  per  Square  Inch  at  the  following  times  after  Mixing 

Passed 
Meshes  per 
Lineal  Inch 

Retaioed 
Meshes  per 
Lineal  luoh 

After  7  Days 

1  Month 

3  Months 

6  Months 

1  Year 

4 
8 
16 
20 
30 
HO 
75 
100 

8 
16 
20 
30 
50 
75 
100 

243 
2G9 
186 
211 
140 
122 
9S 
98 

442 
345 
250 
281 
205 
214 
153 
155 

539 
473 
313 
322 

238 
260 
211 
161 

470 
512 
397 
402 
275 
275 
208 
229 

668 
572 
392 
440 
318 
308 
253 
271 

He  notes  that  the  sand  on  line  4  had  greater  range  of  sizes  *and  consequently 
fewer  voids  than  that  for  line  3,  which  is  the  probable  reason  for  its  giving  better 
results.  And  that  if  this  is  the  true  reason,  the  sands  for  the  upper  portion  of  the 
table  are  relatively  better  than  they  appear  as  those  in  the  bottom  portion  have 
greater  range  of  sizes. 


TABLE  xm 


Tensils  Strengths  or  3 

TO  1  CbMBNT  MoKTAB  WITH   NATURAL   BAimS 

,    ALL  OF 

WHICH 

▲PPBABED    TO   BS    OI*  THE    SaMB  ChABAOTSB, 

Percent- 

Percentage of  Weight  Retained  on  Sieves  with  Varying  Number  of  Meshee  per 

Lineal  Inch 

age  by 

Weight 

Paaaing 

Sieve 

with  100 
Meshes 

l~er  Lineal 

Tensile 

Strength 

Pounds 

per 

Square 

Inch 

1 

4 

8 

16 

20 

30 

60 

76 

100 

Inch 

0 

26 

21 

16 

11 

9 

8 

7 

2 

700 

0 

29 

29 

13 

10 

12 

5 

1 

447 

0 

22 

21 

11 

17 

20 

8 

1 

370 

0 

13 

15 

10 

19 

33 

6 

1 

341 

0 

9 

10 

6 

11 

45 

15 

2 

332 

0 

13 

15 

7 

8 

38 

15 

4 

309 

0 

0 

0 

0 

1 

6 

69 

23 

2 

246 

0 

0 

0 

0 

0 

0 

0 

6 

94 

200 

0 

0 

0 

2 

3 

15 

45 

30 

5 

189 

These  tables  show  that  oare  is  necessary  when  selecting  a  sand 

T3I 


REINFORCED   CONCRETE 

Shingle  and  Broken  Stone. — ^There  is  some  ambiguity  about  the  terms  used 
to  imply  a  gravel  with  sand  and  a  gravel  with  the  sand  screened  out  of  it.  For 
the  purposes  of  this  book  the  name  of  ''  shingle  "  is  given  to  a  gravel  with  the  sand 
screened  out  and  *'  grofvel  ^^  to  the  mixture  of  sand  and  stones. 

For  reinforced  concrete  the  shingle  or  broken  stone  where  the  concrete  surrounds 
any  reinforcement  ought  never  to  be  larger  than  that  which  has  passed  a  }-inch 
screen,  where  the  reinforcements  are  of  small  sectional  area  placed  close  together 
or  where  the  distance  from  the  reinforcement  to  the  surface  of  the  piece  is  small, 
and  in  some  cases  it  should  all  pass  a  ^-inch  mesh  screen. 

Where  larger  sections  are  employed  the  stones  may  with  advantage  be  of  larger 
size,  but  should  not  exceed  those  which  have  passed  through  a  l^inch  screen,  and 
even  in  this  case  a  small  aggregate  is  better  near  the  reinforcement  in  order  that 
good  contact  may  be  obtained,  especially  in  the  re-entrant  angles  of  profile  sections. 

The  sand  must  in  all  cases  be  screened  out  of  the  gravel  in  order  that  the  materials 
may  he  properly  proportioned.  The  proportion  of  sand  in  gravel  varies  considerably, 
and  it  is  extremely  difficult  to  assess  what  are  the  true  proportions.  It  is  there- 
fore advisable  to  incur  the  extra  expense  of  screening  when  the  concrete  is  to  be 
used  in  a  reinforced  structure,  where  the  accursicy  of  the  proportions  is  of  great 
importance. 

The  shingle  must  be  perfectly  clean,  and  if  it  has  come  in  contact  with  alkaline 
or  acid  solutions  must  in  no  case  be  used. 

The  broken  stone  should  be  of  a  hard  close-grained  quality,  clean  and  free  from 
argillaceous  or  organic  matter.  Broken  slag,  unless  free  from  £ulphur,  must  not  be 
used.  Limestone  must  not  be  employed,  and  flints  should  be  avoided  ii  reasonably 
possible,  when  considerable  fire  resistance  is  essential. 

M.  Feret  found  that  all  other  things  being  equal  the  resistance  of  a  concrete 
increased  with  the  size  of  the  broken  stone,  but  for  reinforced  concrete  practical 
considerations  limit  us  in  this  direction.  Broken  stone  will  make  a  stronger 
concrete  than  shingle,  all  other  considerations  being  the  same.  Mr.  Baker,  in  lus 
Masonry  Construction,  gives  the  results  of  a  series  of  experiments  on  this  question 
made  by  the  city  of  Washington,  from  which  it  appears  the  mean  result  obtained 
with  Portland  cement  was  that  a  concrete  made  from  shingle  was  only  93  per  cent, 
of  the  strength  of  a  broken  stone  concrete.  A  series  of  French  experiments  also 
quoted  by  Mr.  Baker  show  that  the  crushing  strength  for  shingle  Portland  cement 
concrete  was  only  79  per  cent,  of  that  for  broken  stone  concrete. 

Ashes  and  Coke  Breeze. — Concrete  of  furnace  ashes  or  coke  breeze  ia 
lighter  than  that  of  shingle  or  broken  stone.  It  has  also,  what  is  in  certain  cases 
an  advantage,  the  faculty  of  being  penetrable  by  nails,  and  can  be  cut  or  chipped 
when  required.  Its  porosity  causes  it  to  be  a  bad  conductor  of  heat  and  sound,  and 
it  is,  therefore,  particularly  adapted  for  fireproof  and  house  construction.  This 
property  also  allows  it  to  absorb  the  humidity  of  the  air  better  than  concrete  of 
shingle  or  broken  stone. 

Great  care  is  necessary  in  the  selection  of  ashes  for  reinforced  concrete,  as  only 
those  which  have  been  thoroughly  burnt  ought  to  be  used.  Concrete  of  these 
materials  is  frequently  employed  for  floors  reinforced  with  "  expanded  metal," 
and  also  in  the  Roebling  and  Matrai  systems,  in  the  latter  being  employed  merely  as. 
a  fllling  over  the  concrete  of  harder  materials  which  surround  the  reinforcements. 

When  these  aggregates  are  used  the  concrete  should  be  mixed  with  plenty  of 
water  and  lightly  rammed,  for  the  obvious  reason  that  the  breeze  or  ashes  will  be 
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crushed  by  severe  ramming,  and  the  particles  will  not  be  thoroughly  surrounded  by 
the  mortar. 

The  sulphur  and  other  impurities  in  the  aggregate  may  have  a  deleterious 
effect  on  the  reinforcement,  but  this  need  not  be  feared  ii  the  concrete  is  mixed 
wet  so  that  a  protective  coating  is  formed  on  the  metal.  Pumice  or  volcanic  tnSa 
are  also  used  in  some  countries  as  aggregates.  They  make  very  good  concrete  for 
use  in  similar  cases  to  those  in  which  coke  breeze  or  ashes  could  be  employed. 
Reinforced  slabs  of  these  materials  can  only  be  feebly  reinforced  on  account  of  their 
small  resistance  to  compression,  and  must  necessarily  be  of  small  span,  unless  the 
reinforcement  is  used  on  the  suspension  principle  to  resist  the  whole  stress. 

Proportions  of  Ingredients 

1.  General  Remarks. — ^The  proportions  of  ingredients  will  naturally  depend 
on  the  nature  of  the  work.  A  large  proportion  of  cement  must  be  used  in  works 
to  withstand  the  action  of  water  in  order  to  ensure  impermeability.  It  is  also 
advisable  to  use  a  rich  concrete  for  those  parts  of  a  structure  acting  under  direct 
compression,  since  the  greater  the  resistance  of  the  concrete  the  greater  will  be  the 
economy  of  the  reinforcement,  as  will  be  explained  later  (p.  337). 

It  is,  however,  well  known  that  the  less  the  proportion  of  cement  the  less  will 
be  the  liability  to  change  of  volume,  the  expansion  and  contraction  being  due 
entirely  to  the  cement.  It  would  therefore  appear  that,  with  the  exception  of 
some  special  cases,  it  is  advisable  to  use  somewhat  less  proportion  of  cement  for  parts 
of  a  structure  under  tensile  or  bending  than  for  those  under  compressive  stresses. 

Some  constructors  employ  concrete  of  varying  strength  for  different  parts 
of  the  same  piece,  altering  the  proportions  according  to  the  stresses  which  have  to 
be  resisted.  When  this  method  is  adopted  there  is  a  tendency  to  form  lines  of 
cleavage  at  the  junction  of  the  concrete  where  the  proportions  of  ingredients  have 
been  altered.  On  that  account  it  is  better  practice  to  mix  all  the  concrete  for  one 
piece  in  the  same  proportions  to  avoid  the  danger  of  forming  these  lines  of  cleavage. 

Sand  and  cement  alone  are  usually  employed  for  slabs  and  for  beams  of  small 
depth,  but  for  thicker  work  concrete  of  shingle  or  broken  stone  is  advisable.  For 
thin  slabs  the  proportions  should  not  be  less  than  1  of  cement  to  2  of  sand,  when 
the  best  materials  are  used  ;  with  materials  of  worse  quality,  1  to  1^  or  even  1  to  1 
ought  to  be  employed. 

To  resist  the  action  of  liquids  the  use  of  richer  concrete  not  only  increases  the 
impermeability,  but  also  the  resistance  to  chemical  action.  The  thickness  of  the 
piece  may  also  be  reduced,  which  causes  the  setting  to  be  quicker  and  the  structure 
lighter,  both  of  which  are  very  desirable  properties  for  pipes  or  sewers  moulded  in 
advance,  where  the  moulds  are  a  considerable  item  of  the  cost  and  where  lightness 
is  very  essential  for  the  purposes  of  transport. 

Some  constructors  use  different  proportions  of  cement  for  the  concrete  at  the 
front  and  back  of  reservoir  walls,  where  the  thickness  required  for  impermeability 
may  be  considered  as  about  i  inch  to  an  inch,  and  the  remainder  of  the  thickness 
is  necessitated  for  the  purposes  of  strength.  They  employ  a  rich  mixture  of  cement 
and  sand  only  for  the  internal  face,  while  for  the  back-work  a  poorer  concrete  is 
employed,  containing  shingle  or  broken  stone  in  addition  to  the  sand.  Others  use  a 
rich  concrete  of  sand  and  cement  only  around  the  reinforcement,  and  reduce  the 
proportion  of  cement  on  either  side,  sometimes  adding  shingle  or  broken  stone. 
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The  impervious  portion  of  the  concrete  must  always  be  of  rich  mortar.  The 
proportions,  where  both  materials  are  measured  by  volume,  should  be  1  to  2  or  1  to 
1^.  In  some  cases  1  to  1  is  used  for  the  facing  of  reservoirs  ;  Mr.  Newman  in  his 
Notes  on  Concrete  states  that  1  to  1^  will  resist  about  75  feet  head  of  water. 

Broken  stone  or  shingle  which  has  passed  a  ^inch  screen  with  50  per  cent,  of 
its  volume  of  1  to  1  ^  mortar  will  make  a  very  dense  concrete  ;  such  as  may  be  used 
for  impervious  works.  For  sea  works  a  large  proportion  of  cement  should  be  used, 
and  the  concrete  must  be  as  free  from  voids  as  possible. 

Until  experiments  have  been  made  on  the  action  of  the  salts  in  sea  water  on 
the  metal  in  reinforced  concrete,  it  will  be  better  to  use  only  fresh  water  in  gauging 
for  sea  work,  as  although  for  ordinary  concrete  work  sea  water  does  not  appear  to 
have  any  ill  effect,  it  is  possible  that  the  contained  salts  might  have  an  injurious 
action  on  the  metal. 

If  it  is  feasible,  the  proportioning  of  the  ingredients  should  he  done  by  tveight 
of  cement  to  volume  of  sand  and  stone,  ad  is  the  custom  in  France.  There  is 
always  a  doubt  as  to  the  amount  of  the  cement  that  is  measured  in  the 
gauge  boxes,  as  this  depends  entirely  on  the  manner  of  filling,  and  although 
the  error  is  in  most  cases  on  the  side  of  excess,  it  is  undoubtedly  fairer  and  more 
accurate  to  proportion  the  cement  by  weight.  This  is  very  easily  done  if  the 
cement  is  used  direct  from  the  bags,  or  is  weighed  as  it  is  bagged  up  after  storage, 
the  proportions  being  taken  as  various  volumes  of  sand  and  stone  to  the  bag 
of  cement. 

Examples  of  the  proportions  of  ingredients  adopted  on  the  Continent,  con- 
verted into  English  measurements,  are  given  in  Table  XIV,  with  the  number  of  cubic 
feet  of  aggregate  per  bag  of  cement  weighing  2  cwts.  If  the  bags  contain  less  than 
244  pounds  of  cement,  these  proportions  must  be  altered  accordingly. 

TABLE  XIV 


Quantitioe  necessary  to  make  I  cubic  yard 
of  concrete 

Proportions  in  cubic  feet 
of  Aggregates  per  bag  of 
224    pounds   of    cement 

Mixture 

Cement, 
pounds 

Sand, 
cubic  feet, 
measured 

loose 

Stone, 
cubic  feet, 
measured 

loose 

Sand, 
cubic  feet 

Stone, 
cubic  feet 

That  very  generally  employed  for 
columns,  beams  and  slabs 

505 

10-78 

21-56 

4-31 

8-02 

Used  by  some  constructors  for 
the  same  pieces 

660 

10-78 

21-56 

4-00 

8-00 

Employed  by  M.   Considere  for 
hooped  concrete  with  a  resist- 
ance of  1,000  pounds  per  sq.  in. 

500 

10-78 

21-56 

4-00 

800 

Employed  by  M.   CJonsid^re  for 
hooped  concrete  with  a  resist- 
ance of  1,425  poimds  per  sq.  in. 
and  for  piles 

757 

10-78 

21-56 

2-06 

5-92 
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Table  XV  giyes  the  proportions  sometimes  adopted  in  England. 


TABLE  XV 


Proportions 
of  Ingredients 

Proportionii  of  Ingredients  with  cement 
by  weight 

Proportions  in  cubic  feet 

of  Aggregates  per  bag  of 

224  pounds  of  cement 

by  volume 

Cement, 
pounds 

Sand, 
cubic  feet 

Stone, 
cubic  feet 

•Sand, 
cubic  feet 

Stone, 
cubic  feet 

1:1:2 
1:  1^:3 
1:2    :4 

618 
412 
309 

9 
9 
9 

18 
18 
18 

3-24 
4-86 
6-48 

6-48 

9-72 

12-96 

Note. — It  has  been  found  that  the  weights  of  enual  volumes  of  high  class  French  and  English  cements  are  as 
U :  11,  which  probably  accounts  for  the  smaller  weignts  of  cement  used  in  England. 

The  following  table  is  compiled  from  the  rule  devised  by  William  B.  Fuller 
for  finding  the  quantities  of  ingredients  necessary  to  form  one  cubic  yard  of  con- 
crete of  various  proportions.  This  rule  is  given  in  Concrete  Plain  and  Reinforced  by 
Taylor  and  Thompson,  p.  16. 

TABLE  XVI 


Proportions 
of  Ingredients 

Quantities 

necessary  to 
concrete 

make  1  cubic  yard  of 
in  place 

Proportions  in  cubic  feet 
of  Aggregate  per  bag  of 
224  pounds  of  cement. 

Barrels  of 

cement, 

weight 

376  lbs. 

Cement, 
pounds 

___ 

Sand, 
cubic  feet, 
measured 

loose 

Stone, 

cubic  feet, 

measured 

loose 

Sand, 
cubic  feet 

Stone, 
cubic  feet 

1:1    :2 

2-75 

1034 

10-45 

20-90 

2-26 

4-52 

1  :  li  :  3 

200 

762 

11-40 

22-80 

3-40 

6-80 

1:2    :4 

1-67 

590 

11-88 

23-76 

4-90 

9-80 

1  :  2  J  :  5 

1-29 

485 

12-21 

24-42 

5-64 

11-28 

1:3    :6 

110 

414 

12-48 

24-96 

6-76 

13-62 

1:4    :8 

0*85 

320 

12-60 

25-20 

8-82 

17-62 

Proportions  of  Ingredients  for  Mortars. — It  is  generally  agreed  that  what- 
ever method  is  used  for  the  proportioning  of  the  cement  and  sand  it  is  impossible 
under  ordinary  conditions  to  obtain  a  mortar  entirely  free  from  voids.  The  voids 
in  the  sand  vary  considerably  from  apparently  insignificant  causes,  the  humidity 
playing  an  important  part  in  the  percentage  of  voids,  and  also  the  method  of  filling — 
for  instance  a  cubic  foot  of  standard  sand  filled  from  standard  machine  weighs 
about  101  pounds.  When  shaken  up  its  volume  m  reduced  about  8  per  cent.  ;  this 
reduction  by  shaking  is  greater  with  sands  uniform  in  size  than  with  sands  in  which 
the  size  of  grain  is  varied.  The  amount  of  voids  in  a  ^and  may  be  roughly  deter- 
mined by  finding  the  quantity  of  sand  which  may  be  added  to  a  vessel  filled  with 
a  known  quantity  of  water  ;  the  volume  of  water  divided  by  the  volume  of  the  vessel 
gives  the  proportion  of  voids.  A  better  method  is  to  find  the  specific  gravity  of  the 
sand,  after  being  lightly  shaken,  and  dividing  this  by  the  specific  gravity  of  the 
material  of  which  the  sand  is  composed  gives  the  proportion  of  soUd  material  to 
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the  total  volume.    For  example,  if  the  specific  gravity  of  the  sand  is  1*63  and  that 

1*63 
of  the  grains  of  which  it  is  composed,  2«66,  then  — —  =:  0-616  is  the  proportion  of 

solids  and  1 — 0*615  =   0-385  is  the  proportion  of  voids. 

Mr.  Gillette  states  that  as  a  rule  20  per  cent,  of  the  voids  in  the  sand  are  left 
unfilled  if  the  sand  is  unscreened.^ 

La  Soci6t^  Pavin  de  Lafarge,  in  their  pamphlet  on  the  subject  of  limes  and 
cements,  state  as  the  result  of  numerous  experiments,  that  by  adding  to  a  sand 
which  has  been  weighed  dry  2  per  cent,  of  its  volume  of  water,  the  weight  of  a  unit 
volume  of  sand  diminishes  20  per  cent,  of  its  initial  value,  which  shows  that  the 
space  between  the  grains  becomes  changed  by  the  addition  of  a  cement  paste. 

The  experiments  carried  out  by  M.  Feret,  Chief  of  the  Laboratory  of  the  Fonts 
et  Chauss^es  at  Boulogne,  and  the  conclusions  he  has  deduced  from  them,  are 
perhaps  the  most  valuable  on  the  subject  of  the  proportioning  of  mortars. 

M.  Feret  studied  the  question  in  a  new  way.  He  takes  c,  s,  e  and  v  as  the 
absolute  volume  of  cement,  sand,  water  and  voids  contained  in  the  unit  volume  of 
mortar  under  consideration,  so  that  I  =c  +  8  +  e  +  v.  He  calls  c  +  8  the  com- 
pactness of  the  mortar,  being  the  sum  of  the  soUd  elements.  He  further  studied 
the  variations  of  resistance  of  mortars  in  which  the  four  elements  c,  «,  e  and  v  were 
varied.  The  mortars  tested  were  '*  plastic  mortars,"  so  as  to  approach  as  nearly 
as  possible  those  used  in  actual  work.  The  test  pieces  were  broken  by  compres- 
sion, as  the  compressive  resistances  are  more  regular  and  less  dependent  on  the 
faults  in  mixing,  etc.,  than  the  tensile. 

M.  Feret  found  at  first  that  for  a  series  of  mortars,  made  with  the  same  cement 
and  inert  sands,  the  resistances  to  compression  after  the  same  time  had  elapsed 
since  mixing  and  under  the  same  conditions  are  always  a  function  of  the  ratio, 

or whatever  the  nature  and  size  of  the  sand  grains,  and  the  propor- 


e  X  V       I— (c  -I-  8) 

tions  of  the  elements,  sand  and  water,  in  the  mortar.     In  all  cases  he  found  that 

P  z=k\ P  being  the  resistance,  and  K  a  coefficient  which  varies 

Ll— (c-f-«)J' 

with  each  sort  of  cement  or  lime,  and  with  the  conditions  of  storage  of  the  specimen. 

The  study  of  resistances  therefore  became  the  study  of  the  variation  of  the 
compactness  (c  -|-  8)  of  mortars,  the  resistances  having  been  found  not  merely 
to  increase  with  c,  but  with  {c  +  8), 

As  this  compactness  will  vary  not  only  with  the  nature  of  the  sand  but  also 
with  that  of  the  matrix,  M.  Feret  made  a  series  of  experiments  on  mortars  made 
of  the  same  cement,  then  repeated  them,  varying  only  the  cement,  and  found  that 
the  above  laws  were  wholly  independent  of  the  nature  of  the  matrix.  The  number 
of  experiments  was  considerable,  and  the  laws  which  were  deduced  were  not  arrived 
at  without  full  consideration  by  M.  Feret  of  the  influence  on  the  compactness  of 
mortars,  of  the  water  used  in  mixing,  of  the  sand,  and  also  of  the  matrix. 

The  effect  of  the  sand  has  been  already  studied,  the  maximum  compactness 
being  obtained  for  sands  in  which  thei^  are  no  medium  grains,  the  proportion  of 
the  large  grains  being  double  the  fine  grains,  which  must  include  the  matrix.  It 
foUows,  therefore,  that  the  compactness  of  a  mortar  does  not  change  when  a  portion 
of  the  matrix  is  replaced  by  an  equal  volume  of  fine  sand.    The  resistance  is,  of 

»  Engineering  News,  vol  xlvi.  No.   23. 
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course,  greater  as  the  proportion  of  cement  increases,  since  it  varies  as    —   

The  influence  of  the  amount  of  water  will  be  treated  later. 

The  following  method  may  be  used  for  determining  the  proportions  after 
M.  Feret's  conclusions  : — 

1.  The  specific  gravity  of  the  sand  must  be  determined  with  care  ;   this  can 

be  done  by  placing  in  a  graduated  flask,  such  as  Schuman's  or  Stanger  and  Blount's, 

a  determined  weight  of  sand,  say  50  grammes,  after  having  first  poured  in  the 

proper  amount  of  water.    Having  made  certain  that  all  the  air  is  expelled,  the 

50 

apecific  gravity  of  the  sand  will  be  -r-, — — : — . 

displacement  of  water  in  cubic  centimetres. 

2.  The  specific  gravity  of  the  cement  must  be  obtained  if  not  already  known. 

3.  A  Utre  of  sand  must  be  weighed,  and  its  weight  recorded. 

4.  A  certain  number  of  litres  of  sand  must  be  mixed  intimately  with  a  deter- 
mined weight  of  the  matrix  (being  that  of  the  proportion  which  is  to  be  tested), 
the  least  possible  amount  of  water  being  used  to  obtain  a  plastic  mortar,  the  water 
being  measured  in  a  glass  graduated  to  give  the  weight. 

5.  A  cube  of  10  cm.  sides  or  a  htre  measure  is  filled  with  the  mortar  and  lightly 
pressed  in  with  the  fingers. 

6.  The  remaining  mortar  is  weighed. 

Now  if  ib  is  the  weight  of  the  matrix  per  litre  of  sand, 

p  the  weight  of  a  litre  of  sand, 

w   the  specific  gravity  of  the  sand, 

w'  the  specific  gravity  of  the  matrix, 

X  the  number  of  Utres  of  sand  employed, 

q  the  weight  of  the  water  added, 

V  the  weight  of  the  mortar  remaining, 

M  the  total  weight  of  the  gauged  mortar  before  usine. 

Then  M  =px  +  kx  +  q. 
The  weight  of  the  sand  in  the  mortar  in  the  10  cm.  cube  will  be — 

vx  (l )  =P,  and —  =the  number  of  litres  of  sand  in  the  10  cm.  cube. 

\  M  /  p 

The  weight  of  the  matrix  in  the  cube  will  be — 


'»('-ff)=« 


The  volumes  corresponding  to  P  and  Q  will  be — 

P  O 

—  =  V,  and  -^  =  W.     V  and  W  being  the  absolute  volumes  of  sand  and  matrix. 

w  w 

And  as  the  volumes  of  the  cube  and  the  volume  under  consideration  are  both 
1  litre,  it  will  sufOice  to  add  these  two  absolute  volumes,  F  and  TT,  together,  to 
obtain  the  compactness. 

A  litre  being  taken  as  the  unit  of  volume,  we  must  take  a  kilogramme  as  the 
unit  of  weight.  Other  units  could  be  taken,  but  the  Utre  is  a  very  convenient 
measure  for  experimental  purposes. 

M.  Feret  does  not  proportion  mortar  from  the  percentage  of  voids  in  the  sand  ; 
"but  decides  on  the  proportions,  and  tests  the  various  sands  to  find  that  which  gives 
the  greatest  compactness  ;  and  also  finds  the  amount  of  cement  and  sand  which 
4ie  necessary  to  make  a  unit  volume  of  mortar. 
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Proportions  of  Ingredients  for  Concrete. — ^M.  Feret  found  that  the  fonnub 
which  he  deduced  in  the  case  of  mortars  applied  also  to  concretes  in  laboratoiial 
tests  made  with  small  broken  stone  passing  a  ring  of  0-79  inches  diameter  and 
retained  on  a  ring  of  0*38  inches  diameter. 

It  appeared  evident  in  all  cases  that  with  equal  compactness  concretes  should 
be  stronger  as  they  contam  more  matrix,  and  with  the  same  richness  their  resists 
ance  increases  with  their  compactness.  As  in  the  case  of  mortars  the  compactness 
of  concretes  does  not  change  when  a  portion  of  the  matrix  is  replaced  by  an  equal 
volume  of  fine  sand.  Also,  when  the  sand  is  not  too  large,  the  compactness  of 
the  concrete  differs  very  slightly  for  small  variations  in  the  proportions  of  the 
mortar,  if  the  volume  of  the  mortar  remains  the  same  and  is  mixed  with  the  same 
quantity  of  stone. 

According  to  M.  Feret,  the  concrete  has  the  greatest  compactness  with  a  fine 
matrix,  a  sand  with  uniform  grains,  which  must  be  large  in  proportion  to  the  cement 
grains  and  small  in  proportion  to  the  stone,  and  stone  as  large  as  possible. 

The  following  are  the  results  obtained  from  M.  Feret*s  experiments — 

1.  The  compactness  of  concrete  increases  with  the  size  of  the  stone. 

2.  It  varies  inversely  as  the  proportion  of  fine  grains  in  the  mortar. 

3.  It  decreases  generally  as  the  proportion  of  the  mortar  to  the  same  volume 
of  stone  increases. 

It  appears  advisable  to  increase  aa  much  as  possible  the  size  of  the  broken  stone 
(in  reinforced  concrete  we  are  Hmited,  by  practical  considerations,  in  this  direction) ; 
to  diminish  the  proportion  of  the  fine  grains  in  the  mortar  by  using  a  rich  mortar 
made  with  large  grained  sand ;  to  use  the  least  possible  amount  of  mortar  that  vdU 
thoroughly  surround  the  stones. 

It  is  a  well-established  fact  that  a  concrete  made  of  a  rich  mortar  and  broken 
stone  or  shingle  will,  within  wide  limits,  always  be  stronger  than  the  mortar  by 
itself.  Mr.  Baker,  in  his  Masonry  Construction,  gives  the  following  table  deduced 
from  the  results  obtained  by  Dr.  R.  Dykerhofif  in  a  series  of  tests  on  cubes  of  mortar 
and  shingle  concrete  twenty-eight  days  after  moulding. 


TABLE  XVn 


ProportionB 

Crushing  Strength 
Pounds  per  Sqiaare  Inch 

Strength  of  Concrete  in  terms 
of  that  of  Mortar 

Portland  Ce- 
ment 

Sand 

Stone 

2 
2 
2 

3 
3 
3 

4 
4 
4 

0 
3 
5 

0 
6 

64 

0 
5 

8J 

2,168 
2.783 
2,414 

1,406 
1,661 
1,534 

1,068 
1,291 
1,221 

100 
129 
126 

100 
114 
109 

100 
121 
114 

Broken  stone  concrete  is  probably  comparatively  stronger  than  shingle  concrete. 
Mr.  Baker  also  mentions  the  results  of  tests  on  cubes  of  concrete  and  mortar 

138 


MATERIALS 

under  the  direction  of  General  Q.  A.  Gillmore,  U.S  A.,  showing  that  concrete  mixed 
in  proportions  of  1  of  cement,  3  of  sand,  and  6  of  broken  stone  was  15  per  cent, 
stronger  than  the  1  to  3  mortar  by  itself. 

In  another  series  of  tests  a  concrete  composed  of  1  of  cement,  1  ^  of  sand,  and 
6  of  broken  stone  was  only  5  per  cent,  weaker  than  the  mortaj:  tested  alone. 

The  most  important  elements  in  the  strength  of  a  concrete  are  the  quality 
of  the  cement,  the  proper  proportioning  of  the  mortar  to  the  voids  in  the  stone, 
and  the  richness  of  the  mortar. 

The  increase  of  strength  by  the  employment  of  a  richer  mortar  is  shown  by 
some  experiments,  mentioned  by  Mr.  Baker,  carried  out  at  Watertown  Arsenal, 
U.S  A.,  on  broken  stone  concrete  in  which  the  voids  in  the  stone  were  practically 
filled  with  mortar.  The  cubes,  12x12x12  inches,  were  t-ea  ted  600  days  after 
moulding,  and  were  kept  in  water  daring  the  interval* 


TABLE   XVITI 
Relativb  to  Stbengths  of  Concretes  Tested  600  Days  afteii  Mouldtno. 


ProportioDB  of  the  Mortar 
used  with  the  b«uie  Stone 

Proportion  of 
Cement  Relative 

• 

Crushing  Strength 

1 

ActiuJ 

Ddrived  from  Plot- 
ting Results  and 
taking  the  Mean 
Line 

R3lative  Strength 

of 

Last  Column 

Cement 

Sand 

1 

2 
3 
4 
5 

100 
0-67 
0-60 
040 
0-33 

1 

4,467 
3,731 
2,553 
2,015 
1,796 

; 

5,000 
3,300 
2,600 
2,000 
1,600 

100 
0-66 
0-50 
0-40 
032 

The  best  method  to  adopt  for  the  proper  proportioning  of  the  ingredients  in 
concrete  is  still  somewhat  in  dispute,  but  it  appears  reasonable  to  consider,  not 
the  cement,  sand  and  stone  each  separately,  but,  since  the  strength  of  a  concrete 
depends  in  a  great  measiure  on  the  strength  of  the  mortar  employed,  to  decide  first 
on  the  proportions  of  ingredients  for  the  mortar,  and  then  to  determine  the  pro- 
portion of  the  mortar  to  the  stone  which  will  give  the  best  results.  It  has  been 
shown  that  with  a  mortar  of  the  same  richness  there  is  a  certain  proportion  of  stone 
that  will  give  the  greatest  resistance  ;  this  appears  to  be  that  in  which  the  voids 
in  the  stone  will  be  just  filled  with  the  mortar,  each  stone  thus  being  surrounded 
but  no  excess  of  mortar  allowed.  Such  a  concrete  will  be  stronger  than  one  which 
has  either  less  or  more  mortar.  The  volume  of  mortar  required  to  fill  the  voids 
will  always  be  more  than  the  voids  as  originally  measured,  this  excess  increases 
as  the  stone  becomes  smaller  and  more  mixed  in  size. 

Mr.  Baker  considers  that  40  per  cent,  excess  mortar  is  required  when  the  stone 
is  mixed  in  size  and  the  mortar  is  dry,  but  that  with  a  wet  mortar  the  excess  will 
be  less. 

Mr.  Gillette  points  out  that  a  large  excess  of  mortar  will  be  required  when 
unscreened  stone  is  used,  and  Mr.  Newman  in  his  Notes  on  Concrete^  states  that 
with  stones  which  have  passed  a  ^-inch  mesh  the  mortar  should  be  50  per  cent,  of 
the  volume  of  stone  to  make  an  impervious  concrete. 

As  has  been  pointed  out  before,  it  is  advisable  to  use  screened  stone  or  shingle 
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for  reinforced  concrete,  in  which  case  the  sizes  will  range  as  a  general  rule  from 
I  to  }  inch  ;  such  stone  or  shingle  will  have  from  40  to  45  per  cent,  of  voids  when 
rammed,  according  as  there  is  much  or  little  variation  in  size,  the  effect  of  ramming 
being  to  decrease  the  volume  of  the  stone  from  about  5  to  8  per  cent. 
To  obtain  the  proper  proportions  according  to  the  above  method — 

1.  Find  the  percentage  of  decrease  of  volume  of  the  stone  by  ramming.  (This 
m^y  be  taken  in  most  caaes  a*  5  per  cent.,  being  a  sufficiently  near  approxima- 
tion.) 

2.  Find  the  percentage  of  voids  in  the  broken  stone  or  shingle. 

3.  Decide  on  the  percentage  of  mortar  in  excess  of  voids  that  shall  be  em- 
ployed. (For  such  stone  as  is  used  in  reinforced  concrete  with  a  moderately  wet 
mortar  will  be  about  20  per  cent.) 

4.  Find  the  weight  of  cement  and  volume  of  sand  in  a  unit  volume  of  mortar 
as  described  (p.  137). 

5.  Find  from  (1)  the  volume  of  stone  when  rammed  to  the  unit  volume  loose, 
and  by  adding  to  this  the  extra  volume  caused  by  the  percentage  of  mortar  which 
is  in  excess  of  the  voids,  the  volume  of  the  concrete  produced  by  a  unit  volume 
of  loose  stone  will  be  obtained. 

6.  The  volume  of  loose  stone  to  form  a  unit  volume  of  concrete  is  then 
obtained  by  dividing  1  by  the  volume  of  concrete  found  above,  and  the  volume 
of  rammed  stone  will  be  less  than  this  quantity  by  the  percentage  found  in  (1). 

7.  Find  the  volume  of  mortar  which  will  be  required  for  this  volume  of  rammed 
stone,  from  which  may  be  determined  the  amount  of  cement  and  sand  required 
for  a  unit  volume  of  concrete. 

As  an  example  :    Suppose — 

1.  That  the  stone  decreases  5  per  cent,  of  its  volume  by  ramming. 

2.  That  it  has  45  per  cent,  of  voids  when  rammed. 

3.  That  we  use  20  per  cent,  of  mortar  in  excess  of  the  voids  in  the  stone. 

4.  That  1,000  pounds  of  cement  and  24  cubic  feet  of  sand  are  found  to  make  1 

cubic  yard  of  mortar. 

5.  As  the  stone  decreases  5  per  cent,  by  ramming,  1  cubic  yard  of  loose  stone  will 

make  0-96  cubic  yards  when  rammed,  and  will  have  46  per  cent,  of  voids, 
therefore — 

0-95  +  (0-95  X  0'46  X  0-20)  =  1 -03  cubic  yards  of  concrete. 

6.  As  1-03  cubic  yards  of  concrete  are  made  from  1  cubic  yard  of  loose  stone,  we 

shall  require =0«97  cubic  yards  of  loose  stone  to  make  1  cubic  yard 

of  concrete.     The  volume  of  the  stone  when  rammed  will  be  0*97  x  0-95  = 
0-92  cubic  yards. 

7.  The  mortar  is  20  per  cent,  in  excess  of  the  voids  in  the  rammed  stone  ;  we  have 

therefore  for  the  volume  of  mortar  required  to  make  1  cubic  yard  of  con- 
crete 0-92  X  0-46  X  1-20  =  0-50  cubic  yards.  But  there  are  1,000  pounds  of 
cement  and  24  cubic  feet  of  sand  in  1  cubic  yard  of  mortar ;  we  must 
therefore  have  1,000  x  0-50  =  500  pounds  of  cement  and  24  x  0-50  = 
12  cubic  feet  of  loose  sand  to  make  one  cubic  yard  of  concrete. 
We  have,  then,  for  1  cubic  yard  of  concrete — 
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TABLE  XIX 


Cemeaft 

Sand 

Loose 

CabioFeet 

Stone 

Loose 

Cubic  Feet 

Proportions  by  Volume 

Proportions  in  Cubic 
Feet  of  Aggregate  per 

Weight 
Pomda 

Cubic  Feet 

at  90  lbs. 

per  Cubic 

Foot 

Cement 

Sand 

Stone 

Bag  of  224  Pounds  of 
Cement 

Sand 

Stone 

500 

6-55 

120 

26-2 

1 

216 

4-72 

6-38 

11-74 

Amount  of  Water  to  be  used  in  Mixing. — ^There  is  much  difference  of 
opinion  as  to  the  quantity  of  water  that  should  be  allowed  for  mixing  con- 
crete. 

Some  constructors  mix  very  dry  and  trust  that  ramming  will  make  a  homo- 
geneous concrete,  and  one  which  will  form  a  protective  coating  on  the  reinforce- 
ments. In  this  case  the  mortar  used  in  the  concrete  has  the  appearance  of  a  damp 
sand  before  being  mixed  with  the  stone  and  rammed  into  place. 

Others  use  a  fairly  wet  mixture,  as  less  ramming  is  required,  and  the  pro- 
tection of  the  reinforcements  is  more  assured. 

"  Dry  "  concrete  well  rammed  is  deemed  by  its  advocates  to  have  less  voids 
than  wet  concrete,  but  this  must  greatly  depend  on  the  amount  of  ramming.  On 
the  other  hand,  there  is  a  risk  in  using  ^^  dry  "  concrete  of  not  having  sufficient 
water  to  enable  the  concrete  to  set  properly  throughout. 

Perhaps  the  most  general  opinion  amongst  constructors  up  to  a  recent  date 
was  that  very  little  water  should  be  used,  and  the  concrete  thoroughly  rammed. 

M.  Considdre  advocates  the  use  of  **  dry  "  concrete  well  rammed,  and  M. 
Christophe,  in  his  book  on  Biton  Arme,  strongly  advises  its  employment,  hold- 
ing that  it  is  stronger  than  ''  wet  "  concrete,  and  that  voids  are  formed  when  excess 
of  water  is  used. 

On  the  other  hand,  many  constructors,  M.  Hennebique,  M.  Ck>ttan9in  and 
H.  Chaudy  amongst  them,  use  a  fairly  wet  mixture,  and  numerous  experiments 
show  that  no  loss  of  strength  results  from  the  use  of  moderately  wet  concrete^ 
and  some  clearly  prove  it  to  be  stronger  than  "  dry." 

From  some  extensive  experiments  made  by  Mr.  G.  W.  Rafter  and  published 
in  the  New  York  State  Engineer's  Report,  it  was  found  that  with  an  excess  of  water, 
so  that  the  concrete  was  jelly-like  under  the  ram,  it  was  only  12  per  cent,  weaker 
than  vigorously  rammed  concrete  with  the  least  possible  amount  of  water. 

It  is  certain  that  the  employment  of  moderately  wet  concrete  better  ensures 
the  protection  of  the  reinforcements  and  cheapens  the  production,  both  on  account 
of  the  smaller  amount  of  ramming  required  and  the  consequent  need  for  less  rigid 
falsework. 

It  seems  that  in  a  general  way  the  amount  of  water  may  vary  within  certain 
limits,  both  too  wet  and  too  dry  concretes  being  dangerous. 

In  certain  cases  it  may  be  better  to  use  *'  wet "  and  in  others  "  dry,"  but 
there  must  always  be  sufficient  water  to  hydrate  all  the  cement.  Where  the  work 
is  easily  got  at,  and  the  ranmiing  can  be  thoroughly  effected  around  the  reinforce- 
ments, a  '*  dry  "  concrete  is  probably  the  better,  but  care  is  necessary  that  it  must 
not  err  on  the  side  of  excessive  dryness.  The  broken  stone  should  always  be  thor- 
oughly well  wetted  before  gauging,  so  as  not  to  absorb  the  water  from  the  mortar. 
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There  is  also  danger  with  the  use  of  '*  dry  "  concrete  of  forming  lines  of  cleavage 
between  the  successive  layers. 

Where  the  piece  is  of  small  dimensions  and  the  space  around  the  reinforce- 
ments not  easily  got  at  for  ramming,  it  is  advisable  to  employ  a  "  wet  "  concrete, 
but  in  this  case  care  must  be  taken  to  avoid  the  use  of  excessive  water,  and  a  certain 
amount  of  working  and  ramming  should  be  done  to  eliminate  the  air  and  to  pie- 
vent  voids  being  left. 

In  some  cases  where  pipes,  etc.,  are  formed  by  running  grout  of  quick-setting 
cement  into  moulds,  ramming  is  entirely  dispensed  with. 

In  the  Wayss  and  other  systems  very  dry  concrete  is  used,  and  the  ramming 
is  thoroughly  done.  The  results  obtained  are  wonderfully  satisfactory,  but  water 
is  cheaper  than  ramming,  and  so  long  as  too  much  water  is  not  used  it  does  not 
seem  that  the  strength  is  affected  in  any  marked  degree. 

M.  Hennebique  until  quite  recently  mixed  his  concrete  very  dry,  but  he  now 
uses  more  water  with  less  ramming. 

Mr.  Thacher  in  his  specification  states  that  no  more  water  shall  be  used  than 
the  concrete  will  bear  without  quaking  during  ramming. 

Table  XX  gives  the  results  of  some  special  tests  showing  the  effect  on  the 
strength  of  3  to  1  cement  mortar  by  varying  the  percentage  of  water.  The  bri- 
quettes were  left  in  the  moulds  for  48  hours,  and  then  placed  in  water  until  tested. 


TABLE  XX 


Tested  at  1  month 

Tested  at  3  months 

Tested  at  6  months 

Percentage 

of  Water  by 

Weight  to 

Sand  and 

Cement 

Average  Ten- 
sile Strength  of 
3  Briquettes 
Pounds  per 
Square  Inch 

Comparison 

witn  that 

mixed  with 

10  percent. of 

Water 

Average  Ten- 
sile Strength  of 
3  Briquettes 
Pounds  per 
Square  Inch 

Comparison 

with  that 

mixed  with 

10  per  cent,  of 

Water 

Average  Ten- 
sile Strength  of 
3  Briquettes 
Pounds  per 
Square  Inoh 

Comparison 

with  that 

mixed  with 

10  per  cent,  of 

Water 

1 
6 

191 

76-9 

249 

94-7 

263 

88-S 

01 

103 

780 

242 

921 

283 

95-6 

n 

198 

80-2 

256 

97-4 

326 

1101 

8} 

210 

85-2 

270 

102-6 

330 

111-5 

10 

247 

1000 

263 

1000 

296 

1000 

12i 

223 

90-3 

243 

920 

2S6 

96-6 

15 

216 

87-6 

236 

89-7 

270 

912 

17i 

182 

73-6 

226 

85-9 

265 

89-5 

20 

180 

72-9 

1          220 

83-6 

251 

84-3 

These  were,  of  course,  laboratorial  tests,  the  ramming  being  very  thorough. 
They  show  that  with  water  between  7  and  12^  per  cent,  there  is  no  great  variation 
of  strength,  but  that  percentages  between  7  and  10  have  the  advantage  after  three 
months.  At  the  end  of  one  month  percentages  between  8J  and  15  appear  to  give 
the  best  results.  With  less  thorough  ramming  it  is  certain  that  the  lower  per- 
centages would  in  a  great  measure  lose  their  advantage,  and  it  should  be  remem- 
bered that  in  practice  we  must  not  count  too  much  on  the  ramming. 

From  his  experiments  on  mortars  and  concretes,  M.  Feret  forms  the  following 
conclusions  with  respect  to  the  quantity  of  water  used  in  gauging — 

1.  The  quantity  of  water  to  use  in  making  a  plastic  mortar  increases  pro- 
portionately to  the  nature  and  weight  of  the  cement  and  the  fineness  of  the  sand, 
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A  portion  of  the  water' being  necessary  for  hydrating'the  cement,  and  another  for 
wetting  the  grains  of  sand. 

2.  That  the  compactness  of  a  mortar  gauged  with  increasing  quantities  of 
water  varies,  following  different  laws,  according  to  the  granular  composition  of 
the  sand.  With  sand  containing  many  fine  grains  it  diminishes  constantly  with 
the  additio  i  of  water  ;  with  other  compositions  it  reaches  a  maximum  for  a  deter- 
mined proportion  of  water,  generally  a  little  less  than  that  which  corresponds 
to  the  plastic  condition. 

From  numerous  experiments  by  different  authorities  it  has  been  found  that 
from  4  to  4^  gallons  of  water  per  cubic  foot  of  cement  used  is  about  the  best  pro- 
portion for  a  sound  concrete.  This  would  be  from  about  45  to  50  per  cent,  by 
weight  of  water  to  the  cement  employed. 

The  French  Government,  after  extensive  trials,  specify  the  following  tests 
for  the  proper  consistency — 

1.  Consistency  should  not  change  if  the  mortar  be  gauged  for  an  additional 
three  minutes  after  an  initial  five  minutes. 

2.  If  a  small  quantity  of  mortar  be  dropped  from  a  trowel,  the  trowel  ought 
to  be  left  perfectly  clean. 

3.  A  little  mortar  worked  gently  in  the  hands  should  be  easily  moulded  into 
a  ball,  on  the  surface  of  which  water  should  appear. 

4.  When  the  above  ball  is  dropped  from  a  height  of  20  inches  on  to  a  hard 
surface,  it  must  retain  its  rounded  shape  without  cracking. 

For  making  these  tests  it  is  best  to  mix  the  mortar  with  a  minimum  of  water 
at  the  commencement  and  add  further  water  until  the  desired  consistency  it 
attained,  from  which  the  amount  required  for  a  unit  of  cement  h  easily  assessed. 


Methods  of  Mixing 

Machine  Mixing. — The  mixing  of  concrete  should  be  done  by  machinery, 
where  the  works  are  of  sufficient  magnitude  to  allow  of  the  cost  of  the  plant,  as 
there  is  more  certainty  that  it  is  all  evenly  and  thoroughly  done  than  when  mixed 
by  hand. 

In  this  case  the  materials  should  first  be  thoroughly  mixed  "  dry,"  after  which 
the  proper  amount  of  wat^r  is  added,  and  the  mixing  continued  until  the  concrete 
is  uniform. 

There  are  many  machines  made  by  different  firms  for  this  purpose,  all  of  which 
will  give  satisfactory  results. 

Where  there  is  sufficient  height  the  "  gravity  "  mixers  are  very  suitable  and 
portable.  These  have  a  hopper  at  the  top,  into  which  the  materials  are  placed, 
and  in  the  body  are  a  series  of  sloping  shelves,  which  throw  the  materials  from 
side  to  side  as  they  gravitate  down,  water  being  added  some  little  distance  from 
the  top. 

The  rotary  machines  are  of  various  kinds.  In  some  a  drum  is  used  with  inter- 
nal projections,  or  a  set  of  mixing  blades  revolve  in  an  open  trough  which  can  be 
tipped  by  revolving  it  on  trunnions.  In  others  the  materials  are  carried  along 
a  closed  trough  by  a  spiral  conveyor.  No  machine  that  has  a  grinding  action 
should  be  allowed,  as  this  damages  the  particles  of  sand  in  the  mortar  made 
by  them. 
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Hand  Mixing. — ^When  hand  mixing  is  employed,  which  must  be  the  case, 
except  on  large  works,  as  machinery  will  not  be  economical  where  only  small  quan- 
tities are  required  at  a  time,  the  sand  and  cement  should  be  first  thoroughly  incor- 
porated in  a  ''  dry  "  state  by  turning  over  and  over  until  well  mixed.  The  water 
must  then  be  added  through  a  rose,  and  the  turning  continued  until  a  uniform 
mortar  is  made.  The  stones,  which  have  been  previously  wetted,  should  be  spread 
on  the  top  of  the  mortar,  and  the  mixture  turned  over  and  over  by  one  man  with 
a  shovel  while  two  other  men  mix  it  with  iron  rakes  having  three  or  four  long  prongs 
until  the  stones  are  covered  with  mortar  and  the  grey  colour  of  the  cement  is  evenly 
distributed  over  the  whole  mass. 

The  least  number  of  turnings  allowed  should  be  two  with  dry  cement  and 
sand,  and  two  when  the  water  has  been  added,  the  turning  while  the  water  is  being 
added  not  being  counted  as  one  of  the  wet  turnings.  After  the  stones  have  been 
spread  on  the  top  of  the  mortar,  the  mixture  must  be  turned  over  and  thoroughly 
mixed  with  the  rakes  at  least  three  times.  The  number  of  turnings  should  not  be 
specified,  however,  except  perhaps  as  a  minimum,  since  the  suflOiciency  of  mixing 
depends  greatly  on  the  manner  in  which  the  operation  is  performed.  The  shovel 
must  be  twisted  in  the  hand  while  turning  to  obtain  good  results.  The  cement,  said 
and  stone  are  sometimes  mixed  together  dry  and  then  again  when  wet ;  this  saves 
trouble  but  does  not  ensure  such  good  results  as  when  the  mortar  is  mixed  first  and 
then  the  stones  added  and  the  whole  mixed  again. 

Great  care  must  be  taken  that  the  concrete  is  well  and  evenly  mixed,  as  the 
strength  of  a  reinforced  structure  depends  greatly  on  the  evenness  of  the  concrete 
employed.  It  is  needless  to  add  that  all  concreting  materials  must  be  deposited 
and  mixed  on  clean,  close-boarded  stages  of  sufficient  size. 


Reinforcing   Metal 

In  England  where  mild  steel  is  almost  always  employed  for  reinforcements, 
the  specification  under  which  it  is  supplied  is  generally  as  follows — 

Ultimate  Tensile  strength,  not  less  than  64,000  pounds  nor  more  than  72,000 
pounds  per  square  inch. 

Elongation  not  less  than  20  per  cent,  in  a  length  of  8  inches. 

Elastic  Limit  not  less  than  one  half  the  ultimate  st^ngth. 

Cold  Bending  Test  :  180  degrees  flat  on  itself  without  fracture  on  outside 
portion. 

The  British  Engineering  Standards  Committee  is  engaged  on  the  preparation 
of  a  specification  for  structural  steel  for  bridges  and  general  building  construction 
which  will  probably  be  found  to  coincide  with  these  requirements. 

As  a  reinforced  concrete  beam  fails  in  bending  as  soon  as  or  immediately  after 
the  elastic  limit  of  the  metal  is  reached,  it  is  the  elastic  limit  which  is  the 
chief  criterion  of  its  value. 

There  is  no  reason  for  rejecting  a  steel  which  shows  a  greater  strength  than 
72,000  pounds  per  square  inch  if  the  elastic  limit  is  correspondingly  high.  For 
instance,  the  tests  made  by  Messrs.  Kirkaldy  on  the  steel  bars  used  by  Messrs. 
Cubitt  &  Co.  in  a  reinforced  concrete  water  tower  at  Newton-le-Willows 
showed — 


144 


MATERIALS 


TABLE  XXI 


Stress 

Extension 

Ratio  of 
Elastic  to 
Ultimate 

Contrac- 
tion - 
of  area  at 
Fracture 

Diam. 

of 
Bare 

Limiting 
Elastic 

Ultimate 

5  inches 

8  inches 

10  inches 

Average 
of 

inches 

• 

pounds  per 
square  inch 

pounds  per 
square  inch 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

7 

43,380 

68,040 

63-7 

68-3 

26-4 

5  tests 

A 

52,720 

88,712 

59-4 

64-7 

231 

20-5 

19-3 

6        „ 

i 

48,000 

85,430 

56-2 

550 

240 

21-2 

19-9 

1        ,, 

i 

47,200 

80,630 

58-5 

521 

25-4 

22-5 

21-3 

1        f» 

i 

43,033 

65,490 

65-7 

60-9 

31-9 

27-7 

25-7 

3        „ 

1 

42,700 

76,340 

55-9 

53-4 

30-8 

26-5 

24-5 

2       „ 

H 

35,900 

66,420 

540 

55-2 

320 

27-7 

25-3 

1       „ 

The  bars  of  *,  |,  |  and  1  inch  diameter  were  all  above  the  72,000  pounds 
per  square  inch  limit  and  might  be  classed  as  medium  steel,  but  the  elastic  limit  is 
correspondingly  high,  and  the  contraction  of  area  and  percentage  of  extension 
very  good. 

The  specification  requirements  for  steel  may  be  as  follows: — 

Ultimate  tensile  strength :  not  less  than  60,000  pounds  per  square  inch. 
Elastic  limit :  not  less  than  50,  nor  more  than  65  per  cent,  of   the  ultimate 

strength. 
Elongation :  not  less  than  20  per  cent,  in  a  length  of  eight  inches. 
Cold  bending  test:    A  bar   of    the   steel    shall   bend    180  degrees  flat  on 

itself  without  fracture  of  the  otitside  fibres. 

In  America  a  still  harder  steel  with  a  high  elastic  limit  is  extensively  used, 
notably  by  Ransome  and  others,  who  rely  on  the  special  form  of  the  reinforcement 
for  resistance  to  pulling  through  the  concrete.^  In  the  Bansome  bars  an  elastic  limit 
of  36,000  and  ultimate  strength  of  60,000  pounds  per  square  inch  is  obtained  ;  in 
the  Thacher  bars,  36,000  and  64,000  respectively,  and  in  the  Johnson  bars  60,000 
to  60,000  elastic  limit  and  an  ultimate  strength  of  100,000  pounds  per  square  inch. 
To  get  full  advantage  of  such  a  steel,  however,  it  is  necessary  to  use  a  small  per- 
centage of  metal  in  the  reinforcement  or  a  very  strong  quality  of  concrete. 

The  Kahn  bars  are  made  with  an  ultimate  strength  of  65,000  to  60,000  pounds 
per  square  inch  ;  it  is  claimed  that  with  this  special  form  of  bar  the  full  strength  of 
the  metal  can  be  obtained,  since  no  shearing  can  occur  in  the  concrete  around  the 
longitudinal  bars. 

Reinforcing  bars  should  be  in  one  length  and  welding  should  be  avoided  if 
possible.  It  is  better  practice  to  lap  the  joints  for  a  length  of  about  24  to  30  dia- 
meters and  bind  with  annealed  wire  where  joints  are  necessary. 

Small  bars,  it  may  be  noted,  are  more  expensive  than  the  larger  sizes,  extras 
being  charged  as  a  rule  on  sizes  less  than  i  inch  diameter,  1  x  ^  inches  or  f  x  ^  inches, 


^  Deformed  bars  undoubtedly  give  great  resistance  against  sliding  through  the  concrete, 
but  their  form  only  reduces  the  shearing  stress  in  the  surrounding  concrete  in  the  ratio  of 
their  greater  perimeter,  and  the  failure  of  a  beam  may  occur  by  shearing  of  the  concrete 
Around  the  bars  before  any  slipping  can  take  place. 
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the  extra  cost  being  small  between  J  and  J  inch  diameter,  increasing  more  rapidly 
on  smaller  sizes.  Small  angles  and  tees  less  than  about  2^  x  2^  x  ^  inches  are  also 
charged  for  at  additional  rates.  Small  bars  also  cost  more  for  putting  in  position, 
as  there  are  more  of  them.  They  are,  however,  generally  preferred  to  larger  sections, 
because  of  their  higher  elastic  limit,  and  bIbo  because  the  tension  members  can  be 
economically  utilized  to  resist  the  diagonal  tensile  stresses  by  bending  them  up, 
as  the  bending  moment  decreases  and  the  shearing  stresses  increase. 

Moreover,  a  number  of  small  bars  distribute  the  stresses  through  the  concrete 
better  than  the  same  amount  of  metal  centred  in  one  or  two  larger  bars,  and  give 
a  greater  perimeter  for  resistance  to  slipping  through  the  concrete  and  shearing  the 
concrete  itself.  A  failure  may  take  place  from  either  of  these  two  causes  and 
consequently  a  large  perimeter  in  proportion  to  the  area  of  reinforcement  is  very 
desirable. 

The  amount  of  labour  required  in  putting  the  reinforcement  in  position  and 
in  keeping  it  in  place  while  the  concrete  is  being  deposited  and  rammed,  is  a  very 
important  factor  in  the  cost.  Loose  stirrups  and  small  bars  are  readily  displaced 
in  the  process  of  ramming,  and  as  that  displacement  vitiates  the  results  of  calcula- 
tions based  on  certain  positions  of  the  metal,  there  is  an  argument  in  favour  of 
larger  bars  without  loose  stirrups,  the  provision  against  the  diagonal  tensile  stresses^ 
being  made  by  sloping  or  bending  up  the  rods,  or  by  stirrups  rigidly  attached  to- 
the  bars  which  are  not  so  liable  to  being  forced  out  of  position. 

To  prevent  any  movement  of  the  several  reinforcements  special  chairs  and 
clamps  are  used  by  some  constructors,  as  the  Cummings  chair  (Fig.  60,  p.  49)  and 
the  clamp  of  the  unit  system  (Fig.  182,  p.  108). 

Special  Reinforcements 

Expanded  MetaL — ^The  "  expanded  metal "  used  for  reinforced  concrete 
work  is  made  from  very  mild  steel  with  an  ultimate  resistance  of  48,000  pounds  per 
square  inch,  and  an  elongation  of  21  per  cent,  in  a  length  of  eight  inches.  It  is. 
manufactured  from  flat  plates  of  thicknesses  varying  from  ^  inch  to  16  B.S.W.6., 
and  when  expanded  the  usual  meshes  are  6  inches,  3  inches  and  1  ^  inches  in  width,  but 
for  lathing  and  similar  purposes  thinner  plates  are  used  and  smaller  meshes  made, 
the  plates  varying  in  thickness  down  to  24  B.S.W.6.,  and  the  expansion  being  as  little 
as  twice  the  original  width  of  the  plate.  The  size  of  mesh  always  refers  to  its  width 
or  smaller  dimension. 

The  manufacture  is  performed  by  placing  the  sheets  vertically  resting  on  their 
edge.  They  are  then  slotted  and  pulled  out  at  one  operation.  After  being  slotted 
they  are  drawn  out  laterally,  so  that  the  width  of  the  finished  sheet  is  in  reality 
produced  from  the  height  of  the  original  plate  when  placed  with  its  edge 
downwards.     There  is  no  waste  of  material  or  loss  of  weight. 

The  expansion  effected  varies  from  about  six  to  twelve  times  the  original 
width  of  the  plate.  No  alteration  is  however  made  in  the  length,  the  strands 
being  consequently  somewhat  stretched.  A  portion  is  left  uncut  so  that  a  strong 
"  selvedge  '*  edge  is  formed.  It  has  been  found  that  the  ultimate  strength  is  in- 
creased from  48,000  to  about  63,000  pounds  per  square  inch  through  the  operation 
of  expanding. 

Table  XXII  gives  information  about  sizes,  areas,  etc.,  of  sheets  of  expanded. 
metal  used  for  reinforced  concrete. 
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TABLE  XXn 


Size  of  Mesh,  the 

Rita    nf   $lti>A.nHn 

Sectional  area  per 

Maximnm 

Maximum 

short  way  of  diamond* 

OlXv     \Ji.     ObrlkLIUDy 

inches 

12-iQch  width. 

Standard  length. 

Standard  width. 

inches 

square  inches 

feet 

feet 

6 

t  X  *  bare 

0-281     \ 

6 

ixi       » 

0-250 

8 

16 

6 

Jx-Jr     „ 

0-187      1 

6 

Jxi      » 

0126     f 

16                          8 

6 

*xi      M 

0-094 

6 

ixi      „ 

0062     ) 

3 

ixi      „ 

1000     \ 
0-760     J 

8 

12 

3 

ix4     „ 

3 

f  x*     „ 

0-662     \ 
0-600     J 

8               or           ii 

3 

Jxj      „ 

12 

8 

3 

*x4     „ 

0-469     -v 

3 

ix*    „ 

0-376 

3 

*xi      „ 

0-312 

8 

16 

3 

*x*     „ 

0-281 

► 

or 

3 

ixi      „ 

0-260 

16 

8 

3 

*xi      „ 

0187 

3 

*xj      „ 

0-126     J 

3 

J  X  16  B.S.W.G.  bare 

0126     ^ 

3 

4  X  16  B.S.W.G.     „ 

0-094 

1 X  4  bare 

1124   y 

8 

8 

Ax*     „ 

0-938 

; ;  X  -ft-     ,y 

0-760     J 

ixj      „ 

0-600     ^ 

8 

12 

Axi      „ 

0-376 

■ 

Ol 

p 

ixi      „ 

0-260     . 

16 

8 

J  X  16  B.S.W.G.  bare 

0-260     -] 

4x16  B.S.W.G.     „ 

0188 

li  I" 

J  X  16  B.S.W.G.     „ 

0126 

» 

8 

12 

li  r 

A  X  16  B.S.W.G.     „ 

0094 

H 

A  X  18  B.S.W.G.     „ 

0-072     J 

The  cost  of  the  sheets  ordinarily  employed  for  quantities  over  200  square  yards 
varies  at  the  present  time  from  about  Ss.  lid.  per  square  yard  for  the  smaller  sizes 
to  9d.  per  square  yard  for  the  larger. 

Mesh  Reinforcements. — Several  specially  formed  wire  mesh  reinforcements 
are  now  made,  amongst  which  may  be  mentioned  the  Clinton  electrically  welded 
fabrics  (p.  38)  and  Johnson's  steel  wire  concrete  lattice  which  is  manufactured 
by  Messrs.  Johnson,  Gapham  and  Morris,  Newton  Heath,  Manchester,  in  sheets 
of  any  convenient  size  up  to  about  6  feet  wide,  and  also  in  rolls  6  feet  wide  and  120 
feet  long.  The  usual  gauge  of  wire  is  No.  11  B.S.W.G.  and  the  size  of  mesh  is 
generally  1^x1^  inches.  The  price  for  small  quantities  in  sheets  or  rolls  is  about 
28.  per  square  yard,  while  for  large  quantities  the  price  is  considerably  reduced. 

Ransome  Twisted  Bars. — The  Bansome  bars  are  of  square  section  in 
either  steel  or  iron,  but  usually  of  steel ;  they  are  twisted  when  cold  in  a  lathe,  one 
end  being  attached  to  the  chuck  and  the  other  to  the  fixed  head. 

Tests  made  by  Mr.  Bansome  show  that  the  opera- 
tion of  twisting  changes  the  properties  of  the  metal 
considerably.  For  a  m3tal  with  an  ultimate  resistance 
of  56,000  pounds  per  square  inch  and  a  limit  of  elas- 
ticity  of  about   34,000   pounds    per  square   inch,   the 
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Fig.  20'z 
Ransome  Twisted  Bar 
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ultimate  resistance  was  raised  to  80,000  pounds  per  square  inch  by  twisting  to 
about  ten  spirals  per  lineal  yard.  In  another  series  of  experiments  it  was  found 
that  for  an  ordinary  wrought  iron  bar  1  ^  x  1  -ft-  inches  there  was  a  gain  in 
strength  of  from  3  to  24  per  cent,  with  1 J  to  20  turns  per  lineal  yard,  and  a 
metal  of  a  superior  quahty  gave  63  per  cent,  gain  of  resistance  for  20  turns  per 
lineal  yard.     The  cost  of  twisting  does  not  exceed  about  45.  3d.  per  ton. 

Habrick  Bars. — In  the  Habrick  system  flat  bars  are  employed  which  are 
twisted  when  hot  by  special  rolling  mills. 

Thacher  Bars. — These  are  rolled  so  as  to  have  projections  alternately  in  plane? 
at  right  angles  to  one  another  (Fig.  203) ;  for  heavy  work  Mr.  Thacher  employs  a  flat 


Fig.  203 
Thacher  Rolled  Bar 


bar  with  rivets  through  it.     The  sizes,  areas  and  weights  of  Thacher  rolled  bars 
are  given  in  Table  XXIII. 


TABLE  XXIII 
Thacher  Rolled  Bahs 


Nominal 
diameter, 

inches 

Sectional  area, 
square  inches 

Weight, 

pounds  per  foot 
lineal 

Nominal 
diameter, 

1 

inches 

Sectional  area, 
square  inches 

Weight. 

pounds  per  foot 
lineal 

i 

i 

i 

i 

i 

i 
1 

0047 

010 

018 

0-28 

0-41 

0-55 

0-71 

0-90 

0-16 
0-34 
0-61 
0-96 
1-39 
1-87 
2-42 
306 

■      n 

H 

n 

2 

1 
1 

1-10 
1-32 
1-56 
1-81 
208 
2-35 
2-65 

3-74 
4-49 
5-30 
616 
7-07 
800 
9-02 

Thacher  Bars  are  manufactured  by  the  Concrete  Steel  Engineering  Company,  Park  Row  Buildings,  New  York, 
who  also  design  and  construct  Arched  Bridges  and  other  works. 


Fig.  204. 
Johnson  Corrugated  Bar 


Johnson  Bars. — ^These  are  square  bars  rolled 
with  a  series  of  projections  extending  across  the 
whole  width  of  each  side  (Fig.  204).  The  sizes 
and  weight  are  given  in  Table  XXIV. 


TABLE  XXIV 


Size 
in  inches 

Net  section, 
square  inches 

1 

Weight,  pounds 
per  foot  run 

Size  in 
inches 

Net  section, 
square  inches 

Weight  in  pounds 
per  foot  run 

1 

006 
0-11 
0-25 
0-39 

0-24 
0-38 
0-85 
1-33 

i 

i 
1 

0-56 
0-77 
100 
1-66 

1-91 
2-60 
3-40 
5-31 
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These  bars  are  employed  by  the  Indented  Steel  Bar  Company,  who  have 
established  an  English  branch  at  Queen  Anne's  Chambers,  Dean  Farrar  Street, 
Westminster,  the  American  firm  being  the  Expanded  Metal  and  Corrugated 
Bar  Company,  of  St.  Louis. 

Kahn  Reinforcements. — ^Mr.  Kahn  forms  his  longitudinal  and  transverse 
reinforcements  out  of  one  bar  of  a  diamond  section  with  projecting  flat  wings  as 


Fig.  205 
Kahn  Truscon  Bar 


described  (p.  69).     He  also  uses  a  round  bar  with  projections  which  clip  square 
perforated  plates  forming  projecting  shoulders  as  shown  (Fig.  205). 
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Part  IV 

PRACTICAL    CONSTRUCTION 

Methods  Employed  in  the  Erection  of  Reinforced  Concrete  Structures 

Generally  speaking  there  are  three  methods  adopted  in  the  erection  or 
manufacture  of  reinforced  concrete — 

1.  The  pieces  may  be  moulded  in  advance,  either  out  of  doors  or  in  sheds, 
^md  be  placed  in  position  after  they  have  set  sufficiently. 

2.  The  whole  or  part  of  the  structure  may  be  moulded  in  place  on  timber 
falsework,  the  falsework  being  struck  when  the  concrete  has  hardened  sufficiently 
for  this  to  be  effected. 

3.  The  reinforcement  may  be  erected  or  partially  erected  first,  and  servo 
as  an  aid  in  the  support  of  the  moulds. 

Any  one  of  these  systems  may  be  employed  alone  or  in  combination  with 
others. 

The  advisabiHty  of  good  timbering  cannot  be  too  strongly  insisted  on  for 
reinforced  concrete  work,  as  the  stability  of  the  whole  structure,  especially  when 
all  parts  are  moulded  together,  depends  largely  on  the  strength  and  rigidity  of  the 
falsework.  Here,  as  in  all  other  cases  where  timbering  is  required,  good  methods 
and  a  somewhat  large  outlay  at  the  commencement  will  be  found  the  greatest  real 
economy. 

Moulds 

Treatment  of  Moulds. — The  moulds  for  reinforced  concrete  work  must  be 
stiff  and  strong  enough  to  bear  the  weight  of  the  concrete,  the  ramming,  etc.,  and, 
when  supported,  the  weight  of  the  men  and  materials,  without  bulging  or  vibration. 
Vibration  has  a  serious  effect  on  the  setting  of  concrete,  and  in  some  cases  it  has 
been  held  to  be  the  cause  of  the  complete  failure  of  structures. 

Moulds  should  be  of  as  simple  a  character  as  possible  and  lend  themselves  to 
easy  supporting,  so  that  they  may  be  put  together,  taken  to  pieces,  erected  and 
removed  with  the  minimum  amount  of  labour  ;  standard  sized  pieces  being  employed 
in  building  them  up  which  can  be  used  again  and  again  or  easily  altered  to  suit 
different  requirements.  They  are  generally  made  of  timber,  which  should  be  care- 
fully selected,  and  none  used  that  is  Uable  to  warp  or  twist.  Much  trouble  will 
be  avoided  if  the  planks  forming  the  moulds  are  put  together  in  such  a  manner 
that  if  they  swell  under  the  action  of  the  moisture  no  deformation  will  occur.  In 
the  Bansome  system  the  moulds  are  frequently  made  of  planks  splayed  along 
one  of  their  edges  to  allow  the  closing  up  of  the  joints  caused  by  the  swelling  with- 
out fear  of  warping.  The  planks  are  placed  tight  against  one  another,  producing 
a  continuous  surface  ;  if  the  humidity  swells  the  timber,  the  bevelled  edge  of  one 
plank  shdes  over  the  square  edge  of  the  next,  the  thickness  of  the  planking  is 
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not  altered  to  any  great  degree,   and  scarcely  any  deformation  is  produced 
(Fig.  200). 

Fio.  208 

Witb  square-^ged  planks  and  open  joints,  which  is  the  form  usually  employed, 
the  openings  must  be  stopped  so  that  the  water  from  the  concrete  may  not  drain 
away  carrying  some  of  the  cement  with  it.  M.  Hennebique  cow  usually  mokes 
his  moulds  with  open  joints  and  lines  them  with  coarse  canvas,  which  absorbs  the 
excess  of  water. 

When  no  coTering  is  used  the  itmer  faces  are  generally  planed,  and  should  be 
as  smooth  aa  possible  in  order  that  little  making  good  may  be  necessary.  The  con- 
crete must  not  be  allowed  to  adhere  to  the  moulds,  as,  when  this  occurs,  the  remoTai 
is  rendered  difficult,  the  surface  of  the  concrete  is  damaged,  and  the  moulds  require 
to  be  scraped  before  being  used  again.  There  are  several  methods  for  preventing 
this  adherence ;  the  inner  surfaces  being  either  brushed  over  with  mineral  oU 
(fatty  oils  act  upon  the  concrete  and  must  in  no  case  be  employed  for  greasing  the 
moulds),  or  they  are  lined  with  paper,  canvas  or  jute  ;  sometimes  where  a  superior 
finish  is  desired  the  boards  are  lined  with  sheet  iron,  zinc  or  plaster  of  pahs,  but  this 
is  seldom  done  except  where  the  same  moulds  can  be  re-used  many  times  or  where 
in  the  case  of  arches  or  beams  there  are  many  spans  of  the  same  size.  In  the  Koenen 
system,  where  these  materials  are  always  employed  to  cover  the  centerings  for  the 
arches,  eto.,  little  or  no  dressing  is  required  after  the  falsework  is  removed. 

For  large  spaa  arches  a  layer  of  puddle  has  been  employed  over  rough  lagging, 
the  puddle  being  covered  with  thick  paper,  and  this  method  might  well  be  applied 
for  other  mouldings. 

Special  surfaces  are  sometimes  used  as  in  the  case  of  the  imitation  atone  facing 
often  employed  in  the  Ransome  system.  These  are  formed  by  securing  V^haped 
strips  to  the  moulds,  striking  before  the  concrete  is  quite  set,  and  finishing  the  face 
either  with  a  light  pick  or  a  chisel  according  to  the  surface  required  (Fie.  207). 


Fia.  207 

It  is  important  that  the  sizes  of  beams,  columns  and  other  parts  should  be  the  same 
where  feasible,  as  this  will  effect  much  economy  in  the  moulds.  Where  sheet  iron  or 
zinc  are  used  for  coverings  or  linings,  there  is  a  distinct  saving  of  cost  in  this  respect, 
but  zinc  has  been  found  in  some  cases  to  have  a,  chemical  action  on  the  concrete^ 
and  it  is  therefore  better  to  use  sheet  iron. 
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When  pieces  are  moulded  before  erection  the  moulds  are  greatly  simplified, 
as  they  can  be  supported  throughout  their  whole  length,  and  therefore  require  less 
resistance  in  themselves  since  they  are  not  subjected  to  bending  action.  Iron  moulds 
can  be  economically  used  if  many  pieces  of  one  size  abd  shape  are  required. 

For  thin  stabs,  a  piece  of  sheet  iron  or  a  block  of  stone  or  concrete  covered 
with  thick  paper  or  canvas  may  be  used  with  no  casing.  Moulds  of  reinforced 
concrete  have  been  employed  covered  with  plaster  of  paris  to  prevent  adherence. 


Falsework 

General  Remarks. — The  falsework  used  for  reinforced  concrete  structures 
is  80  intimately  connected  to  the  moulds  when  the  structure  is  formed  in  place 
that  the  methods  adopted  in  making  and  supporting  the  mould  must  be  described 
together.  The  previous  remarks  on  moulds  apply  both  to  those  employed  by  them- 
selves or  as  part  of  the  necessary  falsework  of  a  structure  moulded  in  place.  The 
usual  systems  of  falsework  applied  to  buildings  will  be  touched  on  first,  and  a  brief 
description  of  that  of  a  special  nature  for  other  works  described  afterwards. 

Columns.' — The  boxes  for  square  columns  are  formed  in  three  ways — I.  They 
are  brought  up  entirely  as  the  work  proceeds.  2.  Three  of  the  sides  ore  formed 
before  the  moulding  is  commenced,  the  fourth  side  being  brought  up  as  the  concrete 
is  deposited.  3.  All  four  sides  are  formed  to  the  full  height,  and  all  the  concrete 
put  in  from  the  top.  In  the  first  case  the  sides  of  the  boxes  are  formed  of  hori- 
toQtal  boards  and  held  in  position  by  four  uprights  at  the  angles,  which  in  their 
turn  are  framed  together  by 
horizontal  crose-piecca  on 
their  outer  faces.  Tri- 
angular strips  are  placed  up 
the  inside  comers  of  the 
boxes  to  form  the  chamfers. 

When  this  method  is 
employed,  the  concrete  can 
be  worked  in  from  all  sides, 
which  is  a  great  advant^e. 
In  the  second  case  the  three 
sides  are  formed  of  vertical 
planks  ;  these  extend  to  the 
bottom  of  the  splayed  por- 
tion where  the  columns  are 
connected  to  the  principal 
beams.  These  planks  are 
held  together  by  strips  of 
board  nailed  to  the  sides  at 
about  three  feet  intervals, 
and  also  in  the  Hennebique 
^Btem  by  special  clamps, 
shown  in  Fig.  208.  In  this 
clamp  the  lower  horizontal 

'  A  deaciiptioa  of  p^nauent  fire-resisting  moulds  for  columna  ia  given,  Appendix  VH 
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piece  slides  on  the  vertical  piece.  The  clamp  ie  placed  over  the  box,  and  the  hori- 
zontal piece  is  knocked  up  tight  with  a  hammer  by  hitting  ita  shorter  end ;  this 
gives  it  a  tilt,  in  consequence  of  which  the  greater  the  pressure  on  its  clipping  end 
the  tighter  it  holds.  The  loosening  is  effected  by  knocking  back  the  shorter  end. 
Some  nails  with  large  heads  may  also  be  driven  partially  in  so  that  they  can  be 
easily  withdrawn.  Triangular  strips  of  wood  are  placed  in  the  comers  to  form  the 
chamfers.  The  remaining  side  of  the  box  is  brought  up  with  boards  placed  horizoo- 
tally,  and  secured  to  the  sides  by  large-headed  nails,  which  are  left  slightly  pro- 
jecting.   When  the  concrete  is  set  the  nails  are  withdrawn  and  the  boxes  removed. 

When  this  method  is  adopted  the  concrete  can  only  be  put  in  and  worked 
from  one  side,  and  consequently  it  is  more  difficult  to  obtain  proper  consohdation. 

Fig,  209  shows  the  ground  floor  columns  for  the  Southampton  Ckild  Storage, 
constructed  in  this  manner  on  the  Henoebique  System. 


In  the  third  case  the  boxes  are  usually  formed  of  horizontal  boards,  held  by 
upright  planks  and  cross  strips.  The  concrete  must  be  mixed  very  wet,  and  the 
proper  filling  of  the  moulds  and  surrounding  of  the  reinforcement  left  to  gravity. 
This  is  not  good  practice  except  for  special  cases,  as  there  can  be  no  certainty  that 
the  concrete  is  homogeneous  and  that  it  has  the  resistance  for  which  its  dimen- 
sions were  calculated,  nor  is  there  any  assurance  that  the  reinforcement  is 
properly  surrounded  and  protected. 

It  is  usual  to  leave  the  boxes  on  columns  moulded  by  the  first  two  methods  for 
about  twenty-four  hours  after  the  moulding  is  complete,  but  when  the  third  method 
is  adopted  a  longer  time  must  be  allowed  unless  a  quick-setting  cement  is  used. 

For  round  columns,  special  boxes  or  drums  in  two  halves  are  employed.  If 
there  is  a  moulding  on  the  column,  this  may  be  formed  by  a  series  of  bevelled  or 
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■curved  strips,  wliich  are  shaped  to  fit  round  the  column  and  placed  on  the  top  of 
■one  another  to  form  the  moulding. 

Walls  and  Partitions. — The  moulds  for  walls  and  partitions  are  usually  much 
the  same  as  those  for  columns.  Sometimes  the  box  is  formed  by  two  timber  sides 
for  its  entire  height,  after  the  reinforcement  of  network  is  in  place  and  has  been 
fastened  to  the  neighbouring  walls  and  beams.  The  concrete  is  then  mixed  wet 
and  poured  in,  the  network  being  shaken  to  make  it  go  down  and  settle  as  much 
as  possible.  This  method  has  the  same  drawbacks  as  that  of  forming  the  boxes 
for  columns  to  their  fall  height  before  commencing  the  concreting. 

In  some  systems,  partitions  are  at  times  moulded  against  one  fiat  surface 
-on  which  the  concrete  is  spread  in  layers,  in  the  same  manner  as  described  later 
for  pipes  (p.  202).     This  method  is  economical  in  the  matter  of  timbering. 

Walls  and  partitions  of  the  Hennebique  and  similar  systems  are  constructed 
between  two  timber  shutters,  one  being  made  to  its  full  height  before  the  concret- 
ing is  commenced,  while  the  other  is  brought  up  as  the  work  proceeds.  The  men 
working  from  this  side  can  weU  reach  the  concrete  for  the  purposes  of  ramming, 
«ad  can  also  place  the  longitudinal  reinforcements  in  position  as  required. 

In  the  Ransome  system  the  two  timber  partitions  are  brought  up  as  the  work 
proceeds,  the  planks  forming  them  being  held  in  place  by  vertical  uprights.  These 
are  placed  where  possible  at  the  framings  of  bays,  so  that  they  may  be  tied  together 
by  cross  pieces  through  the  wall ;  when  this  is  impossible  the  uprights  are  con- 
nected by  strips  of  wood  at  intervals,  which  are  removed  as  the  work  comes  up  to 
them. 

Messrs.  Ransome  now  use  a  movable  frame  for  their  walls  constructed  of  pairs 
■of  slotted  standards  one  on  either  side  of  the  site  of  the  wall,  and  held  together  by 
bolts  passing  through  the  slots.  These  standards,  which  hold  the  moulding  hoards 
in  position,  are  arranged  to  slide  upwards  on  the  outer  faces  of  the  boards  as  the 
wall  progresses,  and  can  he  made  to  conform  with  any  breaks  or  projections  in  the 
iine  of  the  building.    Fig.  210  is  a  sketch  of  one  of  these  standards.    Fig.  211 


k 


I  The  top  bolt  in  this  figure  should  have  been  shown  at  a  lower  level. 
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clearly  indicates  the  method  adopted  for  the  formation  of  mouldings.    The  right- 
hand  view  shows  the  manner  in  which  the  slotted  standards  are  generally  made. 

When  the  concrete  has  been  brought  up  to  the  top  of  the  standards,  the  hand 
nuts  are  slackened  in  one  pair  of  uprights  at  a  time,  and  the  standards  pushed 
up  as  much  as  desired,  which  movement  depends  on  the  nature  of  the  work.  When 
the  limit  of  movement  allowed  by  the  slots  is  reached,  the  bottom  bolt,  which 
now  bears  against  the  lower  end  of  the  slot,  is  withdrawn,  and  placed  at  the  top, 
and  so  on.  The  boards  as  they  are  left  free  by  the  upward  movement  of  the  stan- 
dards are  re-used  above  those  already  in  place.  The  holes  left  by  the  withdrawal 
of  the  bolts  are  filled  in  after  the  moulding  is  complete. 

This  apparatus  is  patented  by  Messrs.  Ransome,  but  its  cost  is  very  small, 
being  only  about  £32  for  a  building  100  feet  long  and  50  feet  wide  with  plain  walk. 

The  bolts  used  to  hold  wall  moulds  in  position  can  be  knocked  out  as  soon  as 
the  concrete  has  set  sufficiently  to  remove  the  moulds,  but  a  better  plan  is  to  make 
the  bolts  in  three  pieces  connected  by  square  sleeve  nuts,  from  1  to  2  inches  within 
the  wall.  When  the  forms  are  removed  the  ends  of  the  bolt  are  easily  unscrewed 
and  withdrawn,  the  central  portion  being  left  in  and  the  holes  stopped  with  mortar. 

Hollow  mails  are  usually  formed  with  a  timber  core,  which  can  be  removed 
as  the  work  sets  ;    the  last  portion,  however,  must  be  left  in. 

Chimney  flues  are  frequently  moulded  on  stiflE  paper  or  cardboard  pipes  filled 
with  gravel  or  sand,  which  is  allowed  to  escape  when  the  concrete  has  sufficiently 
hardened. 

For  exterior  walls,  thin  slabs  of  reinforced  concrete  with  projecting  pieces  of 
hoop  iron  have  been  employed  by  M.  Hennebique  as  moulds,  each  having  a  con- 
crete projection  which  forms  a  gauge  for  the  thickness  of  the  work,  the  exterior  faces 
of  the  slabs  being  finished  in  such  a  way  as  to  form  an  ornamental  and  effective 
face  to  the  wall.  For  M.  Hennebique's  country  house  at  Bourg-la-Reine  (page 
477)  this  outer  face  is  formed  by  embedding  flat  flints  in  the  concrete  at  varying 
distances  apart,  the  effect  obtained  being  very  pleasing.  The  slabs  used  for  thi* 
house  were  only  about  IJ  inches  thick,  and  about  2  feet  long  by  10  inches  high. 
They  were  jointed  with  neatly  finished  sunk  mortar  joints.  The  reinforcing  rods 
for  the  wall  were  inserted  in  the  mass  of  concrete  behind  them,  but  they  them- 
selves were  reinforced  with  thick  wire  for  the  purpose  of  ensuring  their  safe  transport. 

Beams  and  Solid  Floors. — ^After  the  columns  and  walls  which  support  the 
beams  have  been  moulded,  the  boxes  for  the  principal  beams  are  generally  formed 
to  a  level  just  below  the  undersides  of  the  secondary  beams,  the  splayed  top  of 
the  columns  being  formed  at  the  same  time,  as  this  is  in  reality  a  deepening  of  the 
principal  beams  near  the  supports,  and  consequently  must  be  moulded  with  them. 

The  bottoms  of  these  boxes  are  formed  of  one  width  and  length  of  timber 
if  possible,  the  length  terminating  at  the  sides  of  the  columns  or  walls  as  the  case 
may  be.  The  length  of  the  sides  of  the  boxes  extends  from  side  to  side  of  the 
building  ;  these  overlap  the  bottom  so  that  the  supporting  props  may  be  held 
between  them.  The  sides  are  held  in  position  by  iron  clamps  similar  to  those  de- 
cribed  for  the  column  moulds  (Fig.  208);  these  are  placed  under  the  bottom  and  clip 
the  sides  together.  Care  must  be  taken  that  the  tops  of  the  sides  are  at  a  level  just 
below  the  bottoms  of  the  secondary  beams,  as  the  sides  of  the  boxes  for  these  will  rest 
upon  their  top  edges.  The  chamfers  on  the  bottoms  of  the  beams  are  formed  by 
small  triangular  strips,  hghtly  nailed  in  place.  The  bottoms  of  the  boxes  are  held 
up  with  slightly  incUned  props,  supported  on  wedges  from  the  ground  or  lower  floor. 
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The  principal  beams  are  now  moulded  to  the  level  of  the  underside  of  the 
secondary  beams,  after  which  the  boxes  for  the  latter  are  formed,  the  aides  being 
placed  so  as  to  just  cover  the  top  of  the  planks  forming  the  bottoms,  which  are 
supported  on  timber  cleats  nailed  to  the  side  timbers  of  the  principal  beam  boxes. 
The  sides  of  the  secondary  beam  boxes  rest  on  those  of  the  principal  beam  moulds 
and  are  held  together  by  clamps,  and  pieces  of  board  nailed  to  their  top  edges, 
which  act  as  distance  pieces.  The  level  of  the  top  of  the  sides  of  the  secondary 
and  the  addition  to  the  sides  of  the  principal  beams  is  made  such  as  will  allow  for 
the  thickness  of  the  planks  that  will  be  employed  for  the  centering  of  the  floor 
slab.  The  planks  forming  the  sides  of  the  principal  beams  are  held  together  by 
pieces  of  board  nailed  to  their  sides,  and  the  added  planks  have  distance  strips 
nailed  across  from  side  to  side  of  the  mould. 

Props  having  been  pla<;ed  under  the  centres  of  the  secondary  beam  boxes, 
the  moulding  of  both  the  primary  and  secondary  beams  is  brought  up.  Great 
care  should  be  exercised  in  the  alignment  of  the  secondary  beams,  their  positions 
being  marked  on  the  moulds  for  the  primary  beams  before  the  erection  of  their 
boxes  is  commenced. 

Fig.  212  shows  the  first  floor  of  the  Southampton  Cold  Storage.  The  beams 
having  been  completed,  the  men  are  preparing  the  floor  centering 


When  the  moulding  of  the  beams  is  completed,  the  floor  ia  commenced  as 
Boon  as  possible,  being  formed  on  a  close  boarded  centre,  the  planks  for  which 
are  supported  on  the  tops  of  the  sides  of  the  principal  beam  boxes  and  run  parallel 
to  the  secondary  beams,  the  edges  of  the  two  outside  planks  of  each  bay  being 
even  with  the  inside  of  the  secondary  beam  boxes,  and  the  ends  of  all  the  planks 
being  in  the  same  position  in  respect  to  the  inside  of  the  moulds  for  the  principal 
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beams.     Some  transoms  are  placed  in  each  bay  to  support  the  floor  centering,  being 
held  up  by  cleats  nailed  to  the  sides  of  the  secondary  beam  boxes. 
Fig.  213  indicates  the  procedure  adopted  as  described  above. 


With  falsework  of  this  description  the  boxes  for  the  beams  must  remain  in 
position  while  the  floor  is  being  constructed.    To  obviate  this  inconvenience  the 
tops  of  the  sides  of  the  beam  moulds  are  sometimes  made  level  with  the  nnde^ 
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Bide  of  the  floor,  and  when  the  concrete  of  the  beams  has  sufficiently  set,  the  sides 
of  their  boxes  are  removed,  leaving  only  the  bottoms  and  their  supporting  props 
in  place  ;  planks  are  then  placed  along  each  side  of  the  secondary  beams  (in  many 
cases  the  sides  of  the  beam  box  are  used  for  this  purpose)  and  secured  by  clamps 
and  inchned  props,  their  tops  being  kept  at  such  a  level  from  the  underside  of  the 
floor  as  to  allow  for  the  thickness  of  the  planks  of  the  floor  centering  and  also  for 
the  transoms  which  span  the  distance  between  the  secondary  beams  and  support 
the  centering.  These  transoms  are  sometimes  placed  on  the  skew  to  avoid  cutting, 
and  are  spaced  about  five  feet  apart. 

The  platform  for  moulding  the  floor  is  usually  laid  from  each  side  ;  the  space 
at  the  centre  being  seldom  of  a  plank  width,  is  filled  in  by  a  piece  of  thin  1-inch 
or  £-inch  board  with  splayed  edges,  supported  on  wooden  blocks  resting  on  the 
transoms.    Fig.  214  shows  this  method  of  forming  the  floor  centering. 


As  a  rule  the  bays  of  a  floor  are  of  the  same  size,  and  it  is  only  necessary  to 
have  three  or  four  of  the  centerings,  which  may  be  used  over  and  over  again,  but 
before  the  centering  is  struck  one  of  the  planks  near  the  centre  of  the  bay  must  be 
well  propped,  and  this  must  be  left  in  for  at  least  a  month  when  the  rest  of  the 
centering  is  removed. 


Flo.  2  IB 
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Fig.  215  is  a  view  taken  of  the  Great  Western  Railway  Warehouse  at  the 
Royal  Albert  Docks  in  the  course  of  construction. 

A  method  frequently  adopted  to  economize  the  use  of  timber  for  the  pur- 
poses of  centering  is  to  mould  the  floor  on  a  thin  slab  of  reinforced  concrete  which 
is  supported  on  the  beams  and  becomes  a  part  of  the  floor,  but  this  method  is  more 
generally  employed  for  double  floors  with  hidden  beams,  described  later.  The 
supporting  slab  in  such  a  case  must  not  be  included  in  the  calculated  thickness 
of  the  floor. 

The  striking  of  the  floor  centering,  etc.,  should  not  be  commenced  until  the 
concrete  is  thoroughly  hard,  which  will  be  about  a  week  after  it  is  deposited.  The 
sides  of  the  beam  boxes  may  however  be  removed  sooner,  aa  this  will  aid  the  setting. 
The  bottoms  of  these,  if  of  ordinary  length,  may  be  removed  from  ten  days  to 
a  fortnight  after  their  moulding  is  completed.  For  long  spans  the  supports  should 
be  left  in  place  for  a  month-  or  six  weeks.  No  centering  or  falsework  should  be 
struck  during  the  duration  of  a  frost  which  may  have  occurred  during  or  soou 
after  the  moulding  of  a  piece. 

Messrs.  Pavin  de  Lafarge  leave  their  moulds  in  position  for  seven  or  eight 
days  at  least,  and  let  the  supports  remain  under  the  beams  as  long  aa  possilb. 

The  supports  under  the  centres  of  the  beams  and  floor  slabs  should  be  left  in 
position  for  three  or  four  weeks  as  a  precautionary  measure. 

The  leaving  off  of  the  concreting  while  the  moulds  and  centering  are  being 
put  into  place  is  a  serious  disadvantage,  as  the  concrete  must  have  lines  of  cleav- 
age in  consequence  of  the  time  which  elapses  between  the  periods  of  concreting, 
however  carefully  the  old  surface  may  be  prepared  before  recommencing.  The 
stirrups  or  similar  reinforcements,  however,  serve  to  tie  these  layers  together,  and 
should  be  employed  for  this  purpose,  though  they  may  not  be  required  to  resist 
the  ordinary  diagonal  tensile  stresses. 

When  a  stoppage  must  be  made  for  the  night,  if  moulding  the  bottoms  of  the 
principal  beams,  the  place  for  leaving  off  must  be  over  a  column,  as  here  the  lower 
portion  is  in  compression.  When  the  secondary  beams  and  upper  portions  of 
the  principal  beams  are  being  formed,  the  secondary  beams  must  be  left  off  on 
each  side  of  the  principal  beams  and  the  principal  beam  moulded  throughout  at  one 
time.  The  portion  of  the  span  near  the  supports  should  be  chosen,  as  the  floor 
slab  as  a  general  rule  takes  up  all  the  compression  at  the  centre.  As  regards  the 
proper  place  to  leave  off  when  constructing  a  floor,  it  must  be  at  the  centres  of  the 
spans  of  the  beams,  as  here  the  floor  acts  in  compression. 


'^  -' 
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There  is  no  doubt  that  the  putting  in  of  the  concrete  in  layers  at  different  times 
most  tend  to  cause  weakness,  and  it  is  a  question  whether  the  loss  of  economy  by 
fonning  all  the  falsework  together  and  moulding  cTeiything  at  one  time,  as  is 
done  by  some  constructors,  will  not  be  repaid  by  the  gain  in  strength.     On  the 


other  hand,  the  whole  area  of  a  monolithic  floor  must  generally  be  moulded  in  por- 
tions, unless  thework  is  continued  night  and  day,  for  it  is  hardly  possible  to  form 
the  whole  in  one  day,  if  it  is  of  any  size,  and  consequently  the  concreting  must  be 
discontinued  somewhere.     And  although  we  gain  an  increase  of  strength  in  the^ 
i6i  M        y 
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vertical  direction  if  we  mould  all  the  depth  at  once,  we  shall  still  have  a  Ia«k  of  con- 
tinuity in  the  area,  and  even  with  this  method  there  must  be  a  pause  while  the 
reinforcement  is  being  put  into  place. 

When  the  falsework  is  erected  altogether  the  ramming  cannot  be  so  effect- 
ively performed,  and  the  working  of  the  concrete  will  not  be  ao  well  done  around 
the  reinforcement  on  account  of  the  depth  of  the  beam  boxes. 

Fig.  216  shows  the  method  adopted  by  MM.  Pavin  de  Lafai^e,  who  erect  all 
the  falsework  before  commencing  the  concreting,  and  Fig.  217  shows  the  con- 
struction of  the  covering  for  the  Reservoir  de  Montalegre,  on  the  Vallgrie  et  Simon 
system  for  the  town  of  Lausanne,  the  principal  beams  being  constructed  first, 
portions  being  left  out  where  the  secondary  beams  will  join  them.  The  boxing 
for  the  beams  is  mode  complete  before  the  concreting  is  commenced. 

M.  Coignet  passes  bolts  through  the  sides  of  his  beam 
boxes  ;  these  support  the  floor  slab,  being  held  up  by  the 
bolts  which  are  retained  in.jposition  by  the  concrete  of  the 
beams  (Fig.  218). 

In  the  Ransome  system,  the  floors  are  frequentk 
divided  up  into  a  series  of  small  equal  bays  by  beams 
of  the  same  size  intersecting  at  right  angles.  This  en- 
ables the  falsework  to  be  of  a  more  perfect  form,  without  very  much  affecting 
the  economy.  Inverted  boxes  of  timber  are  used,  of  the  same  size  and  shape  as 
the  bays  of  the  flooring,  the  floor  slab  being  formed  on  the  tops  and  the  sides  art 
&6  sides  of  the  beam  moulds,  the  distance  between  the  adjacent  boxes  being  the 
width  of  the  beam,  and  their  depths  equal  to  that  of  the  beams  plus  the  thickness 
of  the  timbers  which  form  the  bottoms  of  the  beam  moulds.  These  are  supported 
by  strips  fixed  across  from  bottom  to  bottom  of  the  neighbouring  boxes. 

The  boxes  themselves  are  supported  by  strips  of  wood,  nailed  to  the  sides  ol 
the  column  moulds  where  they  abut  on  these,  and  by  some  props  at  other  places. 
Each  box  is  made  in  two  halves  by  a  diagonal  joint  which  is  left  aUghtly  open,  made 
good  by  sliding  boards,  so  that  the  two  parts  may  be  sUd  past  one  another,  and 
that  there  may  be  some  lateral  play  when  erecting  and  striking. 

The  beams  on  this  system  have  a  shght  taper,  being  of  a  smaller  width  at  the 
bottom  than  at  the  top,  which  also  permits  the  setting  and  striking  of  the  false- 
work to  be  more  easily  performed  ;    the  planks  forming  the  tops  of  the  inverted 
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bosee  are  of  the  splayed  type  shown  in  Fig.'  206.  This  type  of  floor  is  shown 
in  Fig.  219,  from  which  the  arrangement  of  the  falsework  will  be  clearly  under- 
stood. 

Hollow  Floors. — Where  flat  or  arched  monolithic  floors  are  formed  with 
beams  or  ribs,  and  a  ceiling  slab  below,  so  that  the  beams  are  completely  or 
partially  hidden,  a  hollow  floor  is  the  result,  and  a  special  manner  of  motilding 
is  rendered  necessary. 

The  method  adopted  by  M.  Cottan9in  will  be  described  under  "Moulding 
in  Advance,"  as  he  frequently  moulds  both  the  ribs  and  ceiling  slabs  in  advance, 
and  only  forms  the  floor  m  place. 

M.  Hennebique  also  moulds  the  ceiling  and  floor  slabs  before  placing  them 
in  position.  The  bottoms  of  the  principal  and  secondary  beams  are  at  the  same 
level  in  this  case,  planks  being  first  propped  up  to  form  the  bottoms  of  the  beam 
boxes,  the  ceiling  slabs  being  placed  so  as  to  rest  on  these  (Fig.  220).  The  sides 
of  the  boxes  are  then  placed  in  position,  being  formed  of  planks  cut  on  the  splay 
on  the  top  edge  as  the  beams  are  widened  out  at  the  top  to  receive  the  floor  slabs 
(Fig.  221).  The  sides  are  usually  formed  of  two  planks,  those  at  the  top  being 
placed  outside  in  order  that  the  splay  of  the  beams  may  be  continued  beyond 
the  thickness  of  one  plank.  These  top  planks  are  held  in  position  by  strips  of 
iron  (a  b.  Fig.  221)  about  18  inches  apart,  passing  through  the  top  of  the  beams, 


the  top  planks  being  left  unsplayed  at  these  places.  The  beams  are  moulded  to 
the  underside  of  the  floor  slab,  and  when  the  concrete  has  sufficiently  set  the  sides 
of  the  boxes  are  removed  and  the  floor  slabs  placed  in  position.  In  some  cases 
the  floor  slabs  are  moulded  in  ailu,  but  this  method  ia  not  so  economical  in  the 
matter  of  falsework,  and  some  timber  must  be  left  in.  A  thin  slab  of  reinforced 
concrete  supported  on  the  beams  is  also  sometimes  employed  as  a  centering  and 
forms  part  of  the  floor  when  complete. 

Similar  systems  to  that  of  M.  Heimebique  employ  very  much  the  same  methods. 

M.  Coularou  constructs  the  double  floors  of  his  system  (Fig.  68)  at  one 
time.  A  platform  is  established  below  the  ceiling.  The  sides  of  the  beams  are 
held  by  lateral  boarding,  and  the  spa<:e  left  between  the  ceiling  and  floor  is 
filled  with  cinder  concrete.     Sometimes,  however,  the  space  is  left  and  the  moulding 
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those  for  ordinary  buildings,  but  there  are  of  oouiBe  many  instances  where  special 
reqoiremente  have  to  be  dealt  with  neoeBsitatiug  peculiar  treatment. 

Fig.  223  ia  reproduced  from  a  photograph  showing  the  construction  of  a  cao- 
tilever  quay  at  Chantenay,  France,  by  M.  Hennebique.  There  being  insufficiency 
of  room  at  the  back  of  this  quay  for  the  anchorage  of  the  cantilevers,  they  were  tied 
into  the  warehouse  at  the  back  of  the  wharf,  which  was  built  at  the  same  time. 
The  whole  quay  in  reality  depends  for  its  stability  on  the  reinforced  concrete  ware- 
house behind  it,  and  the  moulding  of  the  quay  and  the  building  had  to  be  arranged 
BO  that  they  might  be  brought  up  together.     Fig.  224  shows  the  arrangement  for 


moulding  the  cantilevers  for  the  Great  Western  Railway  grain  warehouse  at  Ply- 
mouth. These  are  only  two  cases  where  special  treatment  was  necessary,  and 
there  are,  of  course,  many  others  of  similar  importance. 

Straight  Bridges,  Subways,  etc — ^The  falsework  for  straight  bridges  is 
very  similar  to  that  already  described  for  floors.  It  is,  however,  sometimes  neces- 
sary to  support  these  from  above  in  order  that  a  clear  headway  may  be  kept 
during  the  construction.  Baulks  of  timber  or,  when  the  span  is  considerable,  framed 
trusaee,  are  in  this  case  employed  to  support  the  moulds  and  centering  by  means 
of  iron  suspension  rods  with  cross  pieces,  for  supporting  the  moulds,  attached 
to  their  lower  ends  by  means  of  nuts.  The  rods  are  drawn  out  after  the  work  is 
complete  and  the  holes  filled  in.  The  sides  of  the  beam  boxes  are  brought  up  aa 
the  work  proceeds. 

Arches  without  Ribs. — In  ordinary  cases  when  the  arch  is  of  the  same 

form  throughout  the  whole  width,  as  in  the  Monier  and  similar  systems,  there  is 

nothing  special  in  the  centering,  excepting  that  the  two  faces  are  formed  against 

apright  planks  secured  to  the  outer  edges.    Fig.  226  shows  a  fonn  of  centering 

165 


PRACTICAL    CONSTRUCTION 

used  for  the  construction  of  a  Melan  arcli,  and  Fig.  226  another  Mclan  centering 
in  which  special  means  were  adopted  to  support  the  boulder  atones  which  formed 
the  face  of  the  arch  and  projected  from  6  to  8  inches  ;  S  x  1 2  inch  stringers  being 
hung  in  stirrups  (Fig.  227)  attached  to  the  projection  of  the  caps  of  the  uprights 
for  this  purpose. 

In  elliptical  arches,  where  the  curve  is  steep  at  the  springings,  a  series  of 
planks  are  placed  in  position  as  the  work  proceeds  to  form  the  extrados. 

Arches  with  Ribs. — For  bridges  formed  of  a  series  of  arched  ribs  supporting 
a  decking,  the  method  of  falsework  is  very  similar  to  that  described  for  floors, 
excepting  that  theboxes for  the  ribs  are  curved  instead  of  straight,  and  are  supported 
on  ordinary  bridge  centering.  If  the  boxes  are  deep  the  sides  are  brought  up  as 
the  work  proceeds. 

The  concrete  of  the  ribs  is  generally  allowed  to  harden  somewhat,  before  the 
decking  is  commenced,   which  permits  the  use  of  lighter  supporting  centering. 


as  only  auflScient  strength  is  necessary  to  safely  support  the  ribs  until  the  concref© 
has  set.  Fig.  228  shows  the  centering  for  the  Cbatellerault  Bridge,  France,  con- 
8tract«d  in  this  manner  by  M.  Hennebique,  the  side  arches  of  which  were  136  feet 
span  and  the  centre  span  164  feet. 

Hollow  Arches  with  Ribs. — M.  Hennebique  moulds  the  intrados  and 
extrados  on  slabs  of  reinforced  concrete,  moulded  on  the  ground  and  left  in  place 
when  the  concreting  is  finished,  as  part  of  the  thickness.  The  slabs  to  support 
the  intrados  are  first  propped  up  in  position,  and  this  portion  formed  in  aitu,  spaces 
being  left  for  the  ribs,  by  means  of  longitudinal  strips  of  wood  having  notches  made 
in  their  bottom  edges  to  allow  the  rods  of  the  intradoB>  which  are  left  projecting, 
to  pass  through  them. 
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After  forming  the  intrados,  these  strips  are  taken  out  and  the  rib  boxes  formed, 
the  sides  being  held  in  position  bj  cross-braced  frames,  extending  from  rib  to  rib. 
The  end  posts  of  these  frames  are  left  in  position,  after  the  sides  of  the  rib  boxes 
have  been  removed,  to  support  the  slabs  on  which  the  oxtrados  will  be  fonred, 
and  are  cut  off  to  the  proper  height  for  this  purpose.    One  side  of  the. rib  box  is 


put  in  for  its  full  height,  but  the  other  is  brought  up  as  the  work  proceeds.  The 
sides  of  these  boxes  are  used  again  and  again,  being  struck  as  soon  as  the  concrete 
has  set  sufficiently  to  allow  of  their  removal. 

Some  of  the  props  which  support  the  slabs  on  which  the  extrados  is  formed 
are  got  out  before  the  bay  is  completed,  but  the  remainder  have  to  be  abandoned. 


With  this  method  there  is  a  slight  danger  that  the  props  which  must  be  left  in 
may  cause  local  strains  when  a  rolling  load  passes  over  them.  Fig.  229  shows  this 
form  of  falsework,  and  Fig.  230  shows  the  form  of  arch  when  completed. 

Methods  Adopted  when  the  Reinforcements  are  Employed  to  Support 
the  Moulds.— When  the  reinforcing  skeleton  is  built  up  first  and  sustains  itself 
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in  position,  it  haB,  very  commonly,  sufBcient  rigidity  and  strength  to  enable  it  to 
support  the  moulds  either  entirely  or  partially. 

There  are  three  distinct  advantages  accruing  from  such  a  disposition — 

1.  Economy  of  falsework  ; 

2.  Avoidance  of  heavy  supporting  timbers  or  trusses  for  subways,  straight 

bridges,  or  other  hke  cases  where  the  headway  must  not  be  obstructed  ; 

3.  The  advantage  of  more  freedom  aroujid  and  under  the  work. 

With  this  method,  however,  the  reinforcement,  being  loaded  before  the  concrete 
is  in  place,  must  take  initial  strains,  which  will  remain  after  the  concrete  is  set, 
and  cause  initial  stresses  in  the  bars  and  concrete  by  their  tendency  to  reassume 
their  original  form. 

The  reinforcement  has  to  bear  the  weight  of  itself,  the  concrete,  and  the  moulds, 
while  the  concrete  is  setting,  whereas  when  the  moiUds  are  externally  supported 
the  supports  take  all  the  load  until  the  concrete  has  set  sufficiently  to  take  its  share 
of  the  stresses.  The  initial  stress  in  the  concrete,  caused  by  the  tendency  of  the 
reinforcement  to  regain  its  normal  state,  will  be  compressive.  This  is  an  advantage 
on  the  tensile  side,  but  will  reduce  the  compressive  resistance. 

A  further  disadvantage  is  that  there  must  always  be  a  sUght  vibration  of  the 
reinforcement  during  the  working  in  of  the  concrete,  caused  by  the  ramming  and 
also  the  movements  of  men  and  materials,  which  must  somewhat  seriously  aSect 
the  "  adherence  "  between  the  concrete  and  metal.  Small  vibrations  of  the  rein- 
forcement  while  the  concrete  is  setting  may  almost  entirely  destroy  its  "  adhesion  " 
to  the  metal  as  well  as  having  a  prejudicial  effect  on  its  own  cohesion. 

This  method  when  employed  for  walls  and  similar  parts  has  not  the  drawbacks 
mentioned  above  in  such  a  degree  as  when  used  for  beams  and  other  pieces  subjected 
to  bending.  It  is  frequently  used  for  these  structures  with  comparatively  Ught 
reinforcements,  the  shuttering  being  tied  to  the  reinforcement  with  wire  ties. 

Where  heavy  sections  of  reinforcement,  such  as  rolled  joists,  tees,  etc.,  are 
used  in  floors,  deckings,  etc.,  the  centering  for  the  slab  is  hung  from  the  reinforce- 
ment by  means  of  special  hooks,  since  with  this  method  of  reinforcement  the  sections 
are  well  able  to  support  the  load  put  on  them  during  the  moulding. 
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Figs.  231  and  232  show  this  form  of  attachment,  being  the  method  adoptecT 
by  M.  Mattrai.  Fig.  231  is  that  used  for  a  floor,  the  underside  of  which  is  level 
with  the  bottom  of  the  beam,  Fig.  232  being  the  method  adopted  when  the  bottom 
of  the  beam  appears  below  the  floor. 

Floors  Supported  by  Rolled  Joists. — The  employment  of  rolled  joists  for 
beams  e£Fect3  an  economy  in  erection,  and  they  are  used  by  several  constructoiB 
mainly  for  this  reason.     So  far  as  the  employment  of  steel  is  concerned,  however, 

this  method  is  not  econo- 
mical, partially  by  reason  of 
the  excess  of  metal  in  the 
web  and  partially  in  conse- 
quence of  the  fact  that  the 
compressive  resistance  of  the 
concrete  is  not  brought  into 
play. 

When    the     floor    slab 

rests  on  the  top  flange,  the 

timber   staging  on  which  it 

X'x^ntZed.lifeiaZTiTtszonBeaidi  is  moulded is supported  from 

to^£"MC.'SS?^?"'*  'he  lower  flange,  .is  .ho™ 

Pj^  233  in  ^^-  233,  which  represents 

the    method    employed    for 

floors  reinforced  with  "  expanded  metal."     Should  the  underside  of  the  slab  be  of 

an  arched  form,  the  bearers  would  be  curved  to  the  necessary  radius.      When  the 

slab  is  supported  on  the  bottom  flange  the  bearers  must  be  suspended  by  special 

hook  attachments,  such  aa  those  al-  fi«wr™-™rf/-( 

ready  described   and    shown    in   Figs.  '^"^""^^"'"'^^^■^^"y 

231     and  232.      Fig.   234   shows    the 

method    adopted   whsn    constructing  I 

Melan  arched  floors. 

When  secondary  arched   ribs  are 
employed  for  a  floor  on  the  "  Goldtng 

system  "  {expanded  metal)  the  arrangement  of  the  falsework  is  shown  (Fig.  235). 
The  bearing  timbers  for  the  floor  centering  are  supported  by  cleats  nailed  to  the 
Bides  of  the  boxes  for  the  arched  ribs. 

A  great  number  of  methods  are  employed  to  facilitate  the  erection  and  striking 
of  staging  of  this  kind,  and  for  adapting  the  hearers  to  varying  spans.  The  bearers 
are  frequently  made  of  pieces  of  iron  with  an  arrangement  of  some  sort  to  allow 
of  the  length  of  the  span  being  altered  to  suit  various  requirements,  and  a  distinct 
saving  in  timber  is  effected  by  the  use  of  such  bearers. 

One  method  adopted  is  to  form  the  bearer  of  two  bars,  placed  side  by  side, 
running  past  one  another  in  rings,  and  having  pivoted  hooks  at  their  outer  extremi- 
ties, which  rest  on  the  bottom  flanges  of  adjacent  joists  (Fig.  236).  The  sliding 
of  the  rings  is  provided  for  by  strips  of  metal  held  on  the  top  of  the  bars  by  clips, 
these  strips  being  thicker  than  the  metal  of  the  rings.  To  strike  this  form  of  centre 
the  rings  are  knocked  apart  until  the  bars  are  free  from  each  other,  they  then  drop 
by  turning  on  the  hook  pivots  and  the  staging  falls  away.  This  form  of  hearer 
can  also  be  employed  when  the  beams  are  of  reinforced  concrete. 

Arch  Centering  Partially  Supported  from  the  Reinforcement — For  arches 
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on  the  Melan  system,  where  curved  rolled  joists  or  small  built-up  girders  sxe  em- 
ployed for  the  reinforcemeot,  these  joists  or  girders  are  frequently  used  to  partially 
support  the  centering. 


The  lagging  ia  close  boarded  and  rests  on  longitudinal   ribs  of  timbers  built 
op  of  segments  carved  at  their  top  and  straight  on  their  bottom  edges  ;   at  their 


junctions  there  are  cross  bearers  on  wedges  or  jacks  supported  on  braced  uprighta 
in  the  same  manner  as  ordinary  centering.  Half- 
way between  the  cross  bearers  are  other  trans- 
verse pieces,  supported  by  a  hanging  stirrup 
arrangement  from  the  reinforcing  sections  (Fig. 
237).  In  this  way,  about  half  the  load,  while  the 
moulding  is  taking  place,  is  put  on  the  braced 
uprights,  and  the  other  half  on  the  reinforcing 
sections. 

This  method  makes  the  necessary  falsework 
much  lighter  than  that  required  when  heavy 
sections  of  reinforcement  are  not  employed,  and 
the  use  of  large  sections  was  adopted  by  M.  Melan 
partly  because  of  the  ease  and  cheapness  in 
erection. 

The  weight  of  the  concrete  tends  to  make 
the  reinforcing  ribs  deflect.     When  this   occurs 

the  wedges  or  jacks   are  loosened   or   tightened  jr,„  237 
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up  until  the  bearing  is  approximately  even  on  all  the  supports.  Holes  are  left 
around  the  stirrups  when  putting  the  concrete  in  place  in  order  that  they  may 
be  got  out  when  the  centering  is  struck ;  they  are  filled  in  after  the  falsework  has 
been  removed. 

Reinforcements  and  Special  Networks  Employed  to  form  the  Moulds. — ^In 
some  cases  the  reinforcement  itself  forms  the  mould.  In  the  Moller  system  the 
flat  suspension  bars  are  used  in  this  way  as  the  bottom  of  the  mould  for  the  fish- 
bellied  beams  (Figs.  137  and  138).  In  the  "  expanded  metal "  system,  the  channels 
forming  the  secondary  beams  are  employed  as  the  forms  on  which  they  are  moulded 
(Fig.  225). 

The  Boebling  and  Babitz  systems  employ  a  fine  wire  mesh  on  which  to  mould 
arched  and  flat  floors  (Figs.  172  to  178). 

In  all  these  cases  the  metal  left  exposed  is  either  covered  with  a  layer  of  mortar 
after  the  moulding  has  been  completed,  or  surrounded  by  a  close  mesh  wire  netting 
or  a  light  section  of  '^  expanded  metal,"  which  acts  as  lathing,  to  which  the  protective 
coating  of  mortar  will  adhere. 

Iron  columns  and  joists  are  also  surrounded  with  "  expanded  metal  "  or  ordinary 
network  on  which  mortar  is  placed  (Figs.  76,  172  and  173),  but  this  is  hardly  a  case 
of  reinforced  concrete.  Concrete  columns  are  also  sometimes  formed  inside  a  mould 
of  iron  network  or  **  expanded  metal." 

It  is  difficult,  and  in  fact  often  impossible,  to  ram  the  concrete  when  these 
methods  are  adopted,  as  the  fine  mesh  will  become  deformed  under  ramming. 
It  may  be  added  that  the  mortar  which  protects  the  exposed  surfaces  of  flat  metal 
cannot  be  made  to  properly  adhere  to  the  metal,  and  does  not  offer  any  resistance 
to  the  imposed  stresses. 

Large  Sewers,  Tunnels,  and  Culverts. — ^These  are  moulded  in  situ :  the  walls 
between  special  shuttering  and  the  arches  on  centering  similar  to  that  employed  for 
ordinary  brickwork,  masonry,  or  concrete. 

Chimney  Shaft  Construction. — It  may  be  interesting  to  briefly  describe 
the  falsework  and  moulds  employed  by  Messrs.  Bansome  for  the  construction  of  a 
reinforced  concrete  chimney  165  feet  high,  for  the  Pacific  Electric  Railway  Company 
at  Los  Angeles,^  a  description  of  which  is  given  (page  465). 

Figs.  238,  239  and  240  show  the  details  of  the  special  moulds  and  falsework. 
The  walls  were  carried  up  with  vertical  cells,  having  a  small  opening  through  the 
division  walls  to  allow  proper  circulation  of  the  air.  These  cells  were  moulded 
by  the  use  of  special  core  moulds,  the  interior  and  exterior  of  the  shaft  being 
formed  between  a  core  and  shell,  all  of  which  were  lifted  as  the  work  progressed. 

.  Fig.  238  shows  the  method  of  falsework  consisting  of  a  tower  about  6^  feet 
square,  built  up  on  the  centre  line  inside  the  chimney,  and  kept  a  little  in  advance  of 
the  construction  of  the  concrete.  It  had  four  4x6  inch  corner  posts,  with  2  x  10 
inch  horizontal  braces  5  feet  apart,  and  6x1  inch  cross  bracing  in  each  of  the 
panels.  Across  the  upper  horizontal  pieces  two  pairs  of  transverse  beams  16  feet 
long  were  placed,  which  projected  6  feet  beyond  the  sides  of  the  tower  and  supported 
the  moulds.  A  20-foot  beam  at  right  angles  to  these  was  set  across  them  at  the 
centre  to  support  the  sides  of  the  lower  working  platform,  which  was  also  suspended 
from  the  base  timbers  of  the  outer  mould.  The  inner  and  outer  moulds  were 
suspended  from  the  cross  beams  by  four  vertical  rods  with  long  threads  at  the 

*  From  description  published  in  Engineering  Record,  April  11,  1903, 
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upper  ends,  engaging  with  screw  wheels  bearing  on  the  beams,  enabling  them  to 
be  lifted  or  lowered. 

Horizontal  planks  were  supported  inside  the  chimney  to  provide  working 
platforms  for  the  men  who  deposited  and  rammed  in  the  concrete,  and  a  light  working 
platform  was  bracketed  out  near  the  top  of  the  outside  mould.  The  lower  suspended 
six-sided  platform  was  not  used  for  the  moulding  of  the  chimney  at  Los  Angeles, 
but  was  employed  for  the  workmen  who  finish  the  outer  surface  after  the 
moulding. 

To  prevent  removing  the  cross-beams  and  in  order  to  facilitate  the  extension 
of  the  falsework  tower,  a  telescopic  section  24  feet  long  was  built  inside,  and  at  each 
extension  was  first  moved  up  to  the  required  height,  the  bearings  of  the  projecting 
beams  being  transferred  to  it.  Another  section  of  the  main  tower  was  then  built 
up,  which  received  the  moulds  and  platforms. 

The  vertical  wooden  staves  for  the  formation  of  the  main  core  and  shell  moulds 
(Fig.  239)  had  both  their  edges  bevelled  to  an  angle  of  10°  so  as  to  be  in  contact 
on  the  face  next  the  concrete,  and  were  hooped  together  by  circular  bands,  6  inches 
thick,  built  up  of  |-inch  strips,  4  inches  wide,  and  connected  together  by  special 
jaw  bands  (shown  enlarged  in  Fig.  239),  bolted  to  them  at  their  ends,  and  engaging 
pairs  of  sleeve  nuts  by  which  they  could  be  securely  tightened.  The  core  boxes 
for  the  spaces  between  the  inner  and  outer  shells  (Fig.  240)  were  formed  in  separate 
halves,  with  the  opposite  faces  at  the  ends  bevelled  to  correspond  with  a  centre 
wedge,  shown  clearly  in  the  enlarged  detail.  This  wedge  was  held  in  place  dur-  . 
ing  the  moulding  by  a  bolt  engaging  the  side  strips  beyond  the  ends  of  the  core 
box.  To  collapse  the  mould  the  wedges  were  driven  inwards.  Vertical  wooden 
strips  half  an  inch  thick  were  Ughtly  nailed  to  the  wedges  of  the  core  boxes  in 
adjacent  cells  to  form  the  opening  through  the  division  walls. 

All  the  work  of  construction  was  done  from  the  inside  of  the  chimney,  and 
all  the  materials  were  lifted  by  electric  hoists.  When  moving  the  moulds,  which 
was  generally  done  each  morning,  the  hoops  of  the  outer  mould  being  first  slackened 
and  the  mould  raised  so  as  to  still  remain  on  about  two  feet  of  the  finished  work, 
the  hoops  were  then  tightened  up  so  as  to  securely  clasp  the  concrete.  The  inner 
core  and  the  cores  for  the  cells  were  then  lifted  but  kept  slightly  below  the  outer 
mould.  The  core  boxes  for  the  cells  were  lifted  by  means  of  iron  pins,  which  were 
put  through  the  holes  shown  on  the  upper  portion.  After  these  pins  were  in  position 
the  core  was  collapsed  by  striking  in  the  wedges,  and  these  were  withdrawn,  the  sides 
lifted,  and  the  whole  reassembled  for  the  next  lift. 

The  outer  moulds  were  lifted  first,  as  they  usually  required  scraping,  which  was 
done  after  they  had  been  reset.  If  the  inner  core  required  scraping  it  was  raised 
before  the  outer  mould.  The  cores  and  moulds  were  smeared  with  petroline  at 
«ach  operation  of  lifting. 

Treatment  of  Reinforcing  Metal 

Reinforcements  Employed  for  Ordinary  Buildings. — In  many  systems 
•of  a  similar  character  to  the  Hennebique,  Bansome,  etc.,  the  reinforcement  is 
merely  placed  in  position,  the  longitudinal  and  transverse  bars  not  being  tied 
together  in  any  way,  except  in  the  cases  where  distance  pieces  are  required,  as  for 
columns,  piles,  etc. 

Other  systems  of  the  same  type  as  the  Monier,  Pavin  de  Lafarge,  etc.,  tie  their 
:.rods  together  with  annealed  wires. 
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Again,others,like  the  Cottangin,  Roebling,  and  Rabitz,  weave  the  reinforcements. 

Where  the  metal  is  not  tied  or  woven  much  labour  is  saved,  as  the  bars  require 
no  further  treatment  than  that  of  being  carefully  placed  in  position  and  having 
the  concrete  well  rammed  around  them,  care  being  taken  to  retain  them  in  their 
proper  place  during  this  operation.  Where,  however,  tying  or  weaving  has  to  te 
done,  skilled  men  must  be  selected  for  this  work,  as  the  greatest  care  is  required 
in  its  execution. 

M.  Cottangin  sometimes  weaves  his  networks  on  frames  with  a  series  of  holes 
along  the  sides  and  ends,  in  which  pegs  are  placed  for  the  wires  to  be  passed  round. 
The  spacing  of  the  mesh  is  controlled  by  omitting  pegs  when  the  spacing  is  increased. 
The  spacing  of  the  wires  is  not  kept  to  the  exact  distance  throughout  the  whole 
span,  but  they  are  left  in  irregular  lines  as  woven,  regularity  of  spacing  not  being 
considered  necessary  so  long  as  there  are  the  requisite  number  of  strands  in  each 
division  of  the  length  or  breadth  of  the  piece.  Fig.  48  (page  44)  shows  the 
appearance  of  the  network  when  complete. 

Where  woven  networks  are  employed  they  are  frequently  made  in  advance 
and  wrapped  into  rolls,  being  simply  spread  out  when  in  place. 

M.  Mattrai  employs  steel  wires  and  cables  of  varying  sizes  for  his  floor  reinforce- 
ments, and  also  as  a  supplementary  reinforcement  to  his  beams.  Where  the  Melan 
I-beams  for  floor  reinforcements  bear  against  the  supporting  joists,  wedges  are 
ioserted  as  shown  (Fig.  241). 

Column  reinforcements  generally  consist  of  vertical  rods  with  wire  or  flat  iron 
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cross-ties  to  hold  them  together.  The  vertical  rods  bear  on  an  iron  plate  which  is 
embedded  in  the  foundation  block.  If  the  rods  require  lengthening  a  good  joint 
may  be  made  by  machining  of  the  ends  of  the  rods  that  a  true  butt  joint  can  be 
obtained  and  enclosing  the  ends  of  the  rods  in  a  sleeve  of  gas  piping. 

M.  Cottangin  employs  wires  threaded  through  specially  made  perforated  bricks 
as  reinforcements  for  his  walls  and  columns. 

For  beams  or  slabs  of  the  Hennebique  and  similar  systems,  the  rods  are  cut  to 
their  proper  lengths,  notched  and  opened  at  the  ends,  and  bent  to  the  required  forms. 
The  stirrups  of  hoop  iron,  wire,  or  the  transverse  reinforcements  of  various  kinds  are 
employed  by  many  constructors  to  supply  resistance  to  the  shearing  stresses,  and 
tie  the  portions  of  the  beams  and  slabs  together,  are  cut  to  length,  and  bent  to  the 
necessary  forms  before  being  placed  in  the  work.  In  some  cases,  as  in  the  Vallerie 
et  Simon  system,  the  wire  for  these  reinforcements  is  bent  up  and  down  for  long 
lengths  and  is  pulled  out  to  the  required  spacing  on  the  work.  The  distance  pieces 
for  piles,  columns,  lintels,  etc.,  are  also  formed  into  the  shapes  required  before 
being  placed  in  the  work. 

In  some  systems,  as  in  the  Coignet,  Pavin  de  Lafarge,  and  others,  the  transverse 
reinforcements  are  tied  or  wound  round  to  the  longitudinal  rods,  not  merely  passing 
under  them  as  in  other  systems. 
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Other  constructors  prevent  any  relative  movement  of  the  longitudinal  and 
transverse  reinforcements  by  some  method  which  prevents  any  sliding.  M.  Piketty 
either  places  the  transverse  reinforcements  in  small  notches  in  the  longitudinal 
rods  or  behind  rings  shrunk  or  clamped  on  to  these  bars  (Fig.  242). 

In  yet  other  systems,  the  transverse  reinforcements  are  formed  by  the  longi- 
tudinal rods  being  bent  up  (Figs.  61,  100,  101,  116,  and  146),  or  by  inclined  bars 
rigidly  connected  to  the  longitudinal  reinforcements  (Figs.  168  and  198  and  199). 
These  appear  to  be  the  most  rational  methods  to  adopt. 

In  the  Degon  system  the  transverse  reinforcements  are  bent  up  and  down 
and  connected  in  various  ways,  as  shown  (Figs.  63,  64  euid  65). 

The  Maciachini  reinforcement  forms  a  complete  hooping  of  the  concrete, 
and  is  so  placed  to  prevent  the  failure  by  swelling  of  the  concrete  in  compression. 
This  form  of  reinforcement  is  shown  (Fig.  117). 

M.  Coularou  employs  hooked  rods  for  transverse  reinforcements  (Fig.  67). 
M.  Chaudy  employs  a  transverse  reinforcement  for  his  floors  and  wall  skbs 
in  the  form  of  a  square  toothed  rack  (Fig.  36),  and  a  similar  type,  but  curved 
in  the  form  of  a  series  of  U's  (Fig.  66)  is  used  in  the  Degon  system. 

In  the  Chaudy  system  angles  back  to  back  are  used,  and  in  some  cases  employed 
as  the  longitudinal  reinforcements  for  beams,  in  which  case  vertical  flat  bars  are 
placed  at  certain  intervals  and  riveted  between  the  angle  irons. 

M.  Bonna  and  others  employ  built-up  sections  which  have  a  great 
amount  of  rigidity  in  themselves.  Fig.  243  shows  the  Bonna  method 
of  reinforcing  beams  with  a  double  reinforcement. 

For  slabs  of  the  Miieller  system,  flat  bar  longitudinals  are  con- 
nected by  flat  iron  V-cross  bracing  as  shown  (Fig.  161). 

Hoops  of  flat  or  other  section  iron  or  steel  are  employed  at  the 
springings  of  domes,  to  take  up  the  lateral  thrust  on  the  supporting 
walls  or  columns. 

When  the  bars  are  of  insufficient  length  for  floors,  walls,  columns, 
etc.,  continuity  may  be  obtained  by  overlapping  them  for  a  length  of 
from  24  to  30  diameters  and  wrapping  with  annealed  wire.    Some  con- 
structors omit  the  wire  wrapping. 
Reinforcement    for    Hooped    Columns. — ^M.  (Tonsidere    makes    some  re- 
marks on  the  subject  of  the  reinforcements  for  hooped  compression  pieces,  deduced 
from  his  experiments,  of  which  it  is  proposed  to  give  an  outline.    The  hooping 
should  be  well  tied  together  and  must  not  open  under  pressure. 

The  experiments  referred  to  on  page  281  show  that  the  hoopings  must  be 
close  together  to  give  the  concrete  a  satisfactory  coefficient  of  elasticity  and  column 
resistance.  A  small  irregularity  of  spacing  will  not  impair  the  crushing  resistance, 
but  too  much  irregularity  must  be  avoided,  and  if  one  of  the  hoopings  were  left 
out  the  stability  might  be  seriously  endangered.  For  elasticity  and  column  resis- 
tance the  regularity  of  spacing  need  not  then  be  absolutely  perfect. 

The  deformation  measured  over  sufficient  lengths  depends  on  the  average 
spacing  for  the  modification  of  column  resistance.  It  appears  that  separate  hoops 
or  spiral  reinforcements  may  be  employed,  the  spirals  being  formed  of  rods  or  wires 
of  as  great  length  as  can  be  procured.  These  are  wound  on  wooden  drums 
worked  by  hand ;  bars  of  1  inch  or  even  greater  diameter  can  be  formed  into 
spirals  in  this  manner  without  any  difficulty. 

If  independent  hoops  are  used  they  must  be  securely  fastened,  in  order  that 
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there  may  be  no  possibility  of  their  opening  under  internal  pressure,  and  ako  that 
they  may  not  show  appreciable  deformation  at  the  connexion.  The  usual  way 
to  secure  the  hoopings  is  to  overlap  the  ends  and  trust  to  the  locking  produced 
by  the  "  adhesive  "  resistance  of  the  metal  and  concrete  due  to  the  overlap.  Such 
''  adhesive  "  resistance  causes  considerable  stresses  near  the  circumference  of  the 
piece,  where  the  pressure  and  tendency  to  flexure  require  all  the  strength  obtainable. 

It  is  also  evident  that  the  regularity  of  spacing  of  independent  hoops  must 
rest  entirely  on  the  care  of  the  workmen,  on  which  it  is  unwise  to  place  too  much 
reliance.  M.  Considdre  therefore  considers  that  spiral  reinforcements  are  to  be 
preferred,  and  points  out  that  drawn  wires  of  great  resistance  can  be  obtained 
up  to  half  an  inch  diameter,  and  steel  rods  five-eighths  of  an  inch  diameter  can  be 
obtained  in  rolls  up  to  150  feet  or  so  in  length  ;  also  that  the  largest  rods  that  can 
be  required  for  the  hooping  are  sold  in  rolls  at  least  80  to  100  feet  long.  With 
such  length  10  to  14  spirals  may  be  made  continuous. 

To  insure  the  proper  transmission  of  the  tension  from  one  rod  to  another  it 
will  suffice  to  embed  the  first  spiral  of  one  rod  between  the  last  spirals  of  the  pre- 
ceding, and  turn  both  the  ends  into  the  centre  of  the  piece.  This  will  cause  the 
additional  stresses  produced  by  the  "  adhesion  "  to  be  taken  up  in  the  central  portion 
where  there  is  a  considerable  excess  of  strength. 

With  independent  hoops  this  method  of  procedure,  which  proves  very  satis- 
factory in  the  case  of  spirals,  cannot  be  employed,  since  the  central  portion  becomes 
overcrowded  with  the  ends  of  the  hoops  which  have  been  bent  in.  When  the 
spirals  have  been  made  for  any  piece  the  pitch  should  be  found  at  which  the  skele- 
ton will  stand  vertically  by  reason  of  its  elasticity  if  left  to  itself.  The  spirals  once 
made  and  thus  checked  cannot  alter  to  any  great  extent  while  being  put  into  place 
and  while  the  concrete  is  added. 

Continuous  tubes  for  various  reasons  detailed  by  M.  Consider**  are  not  as 
efficient  for  reinforcing  hooped  pieces  as  wire  or  rod  spirals. 

M.  Considere  concludes  his  remarks  by  saying  that  the  objects  to  be  aimed 
at  are  to  give  the  concrete  a  high  diictility  and  to  increase  at  the  same  time  to  a  high 
degree  its  limits  of  elasticity  and  crushing  as  well  as  column  resistance.  The  hooping 
must  form,  close  loops  and  have  the  least  number  of  joints.  These  conditions  lead  to 
the  adoption  of  helical  spirals  combined  vnth  longitudinal  rods  forming  a  continuous 
skeleton  which  will  resist  efficiently  the  transverse  swelling  of  the  concrete. 

The  spacing  of  the  spirals  should  be  from  \  to  y  ^  the  diameter  of  the  hooping  when 
longitudinal  rods  are  also  employed. 

Pipe  and  Reservoir  Reinforcements.^ — The  Bordenave  reinforcement  for  pipes 
is  formed  by  machinery  and  is  wound  helically  through  rolls,  which  can  be  set  to  any 
required  size.  After  it  has  been  wound  it  is  placed  on  a  core,  adjustable  by  means 
of  toggles,  and  pulled  out  till  the  required  pitch  is  obtained. 

The  longitudinals  are  placed  inside  or  outside  the  spirals  according  as  the 
pressure  will  be  from  within  or  without,  and  tied  to  them  in  the  proper  positions 
with  pieces  of  wire.  Fig.  244  shows  the  type  sections  for  Bordenave  pipes,  and 
Table  XXV  gives  the  details  of  the  reinforcements. 

The  circular  reinforcements  for  elevated  reservoirs  in  this  system  are  also  curved 
by  machinery,  being  passed  through  a  series  of  rolls,  which  form  them  to  the 
required  sweep.    This  is  eflPected  in  place  by  a  special  portable  machine.     The  circular 

*  A  description  of  the  conatruction  of  some  small  circular  reservoirs  of  reinforced  brick- 
work in  India  is  given  in  the  Appendix. 
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reinforcements  are  placed  at  varying  distances  apart  in  the  beight  of  the  walk. 
The  reinforcement  for  the  bottom  of  the  reservoir  is  first  formed^  with  straight  rods 
crossing  one  another  and  tied  together  at  their  intersections,  and  also  tied  to  the 
first  circular  reinforcement  of  the  wall. 

After  the  reinforcement  of  the  bottom  is  in  position,  vertical  timber  uprights 
are  placed  about  five  feet  apart  on  the  inside  of  a  circumference,  which  is  set  out 
on  the  bottom  ;  these  uprights  being  firmly  fixed  to  form  a  rigid  template  or  gauge. 
The  elevator  carrying  the  curving  machinery  is  then  set  up  outside  the  circum- 
ference ;  its  frame  is  formed  of  four  vertical  posts  tied  together  by  horizontal  and 
cross  bracing,  and  extends  higher  than  the  depth  required  for  the  reservoir. 

A  frame  is  suspended  between  the  posts,  and  slides  on  them  by  means  of  rollers. 
One  side  of  the  frame  is  made  in  the  form  of  a  table  on  which  the  machinery  for 
curving  the  circular  reinforcements  is  carried,  together  Tiith  the  guide,  and  the 
winder  supporting  the  I-bar  which  is  to  be  curved.  At  the  top  of  the  frame  a  self- 
sustaining  diflFerential  pulley  block  and  tackle  are  fixed,  the  hook  of  which  engages 
rings  on  three  rods  from  which  the  movable  frame  is  suspended.  This  frame  is 
lowered  level  with  the  bottom  of  the  reservoir,  and  the  first  bar  is  curved  round  the 
uprights  of  the  template  ;   it  is  then  fixed  to  these  with  hook  nails. 

The  apparatus  is  now  lifted  by  the  pulley  to  the  height  desired  for  the  spacing 
of  the  circular  reinforcements  ;  a  second  bar  is  curved  round  and  fastened  to  the 
template  uprights  like  the  first,  and  these  operations  are  continued  till  all  the 
circular  reinforcements  are  in  place.  The  hook  nails  are  fixed  on  the  uprights, 
at  the  necessary  distances  apart,  before  the  curving  is  begun,  forming  the  supports 
to  the  bar  as  it  is  curved.  These  hook  nails,  besides  supporting  the  bars,  serve 
as  a  guide  for  the  spacing. 

After  the  movable  frame  has  been  lifted  about  3 J  feet  a  platform  is  suspended 
below,  by  four  vertical  hooked  rods,  on  which  two  men  can  stand  to  work  the  bar- 
curving  machine,  the  frame  and  suspended  platform  being  lifted  together.  The 
last  circular  bars  having  been  placed  at  the  top  of  the  reservoir  wall,  with  some- 
what less  spacing,  to  take  the  thrust  of  the  roof,  the  vertical  bars  are  placed  in 
position  inside  the  circular  ones  and  tied  to  them  with  wire  ties.  When  the  skeleton 
is  complete  the  hook  nails  fastening  the  circular  reinforcements  to  the  template 
uprights  are  withdrawn,  and  the  concrete  run  into  place  as  described  later.  The 
reinforcement  for  the  spherical  roof  is  formed  by  a  skeleton  of  circular  or  spiral 
bars,  resting  on  slightly  curved  radial  bars,  the  alternate  ones  being  stopped  as 
the  spacing  becomes  small. 

The  circular  and  radial  bars  are  tied  together  at  their  intersections  and  also 
to  the  circular  reinforcements  at  the  top  of  the  walls,  and  the  radial  bars  are  bent 
down  into  the  wall. 

The  Pavin  de  Lafarge  pipe  reinforcements  are  constructed  of  longitudinal 
bars,  with  circumferential  bars  wound  round  them  ;  these,  if  of  small  enough 
dimensions,  are  in  the  form  of  spirals,  but  if  of  large  dimensions  a  series  of  circular 
hoops  is  employed,  the  extremities  of  each  hoop  being  welded  together.  The 
reinforcements  for  horse-shoe  conduits  and  sewers  are  made  in  much  the  same 

wav. 

For  circular  reservoirs  above  ground  level  in  this  system  a  rigid  reinforcement 
of  flat  or  channel  irons  is  employed,  formed  of  uprights  and  circular  rings  spaced 
farther  and  farther  apart  as  the  height  from  the  bottom  increases. 

The  uprights  are  bent  in  at  the  bottom  and  top  to  form  the  floor  and  roof  radial 
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reinforcements,  their  upper  ends  are  secured  to  a  central  plate,  or,  if  the  diameter 
is  large,  to  circular  rings  from  which  further  bars  are  continued  to  a  central  plate  ; 
alternate  bars  are  stopped  where  the  spacing  becomes  too  small  (Fig.  166).  Bolts 
are  used  for  fastening  the  skeleton  together  temporarily,  and  are  subsequently 
replaced  by  rivets. 

Between  the  circular  and  upright  reinforcements  of  the  main  skeleton,  a  mesh 
of  circular  and  vertical  round  rods  is  placed,  the  circular  rings  being  spaced  at 
varying  distances  apart  according  to  the  pressure. 

For  very  small  reservoirs,  as  those  for  wine,  which  hold  only  from  about  2,000 
to  2,500  gallons,  the  same  method  is  adopted,  excepting  that  the  circular  reinforce- 
ments, both  primary  and  secondary,  are  evenly  spaced. 

The  Monier  and  similar  reinforcements  for  pipes  are  formed  of  longitudinal 
and  spiral  rods  tied  together  at  their  intersections.  For  reservoirs,  silos,  etc., 
similar  reinforcements  are  adopted,  but  the  circular  rods  are  in  the  form  of  welded 
hoops.  The  rods  are  of  varying  sizes,  and  as  a  rule  spaced  evenly,  the  sizes  being 
mixed  according  to  the  resistance  required,  the  rods  employed  usually  varying 
between  about  1  inch  and  yths  of  an  inch  diameter. 

M.  Coignet  for  the  pipes  constructed  on  his  system  employs  hoops  of  rods, 
both  ends  of  which  are  hooked.     A  longitudinal  rod  is  passed  through  all  the  hooks, 
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and  securely  holds  the  ends  of  the  hooped  rods  in  place  (Fig.  245).  Further  longitu- 
dinal rods  are  also  tied  at  proper  intervals  to  the  hooping,  and  in  addition  half 
spirals  of  wire  are  wound  round  the  skeleton  (Fig.  246).  M.  Coignet  employs  a 
system  of  electric  welding  for  the  hoop  reinforcements,  and  also  for  the  reinforce- 
ments of  his  arches. 

In  the  Degon  system  the  circular  reinforcements  are  formed  of  rods  bent  in 
the  wave  form  similar  to  the  slab  transverse  reinforcements,  the  longitudinal  rods 
are  placed  in  the  outer  hollows.  When  a  double  reinforcement  is  employed,  alter- 
nate circular  rods  are  bent  reverse  ways,  and  the  longitudinal  rods  are  placed  as 
before,  or  the  bends  of  the  two  series  of  rods  are  brought  close  together  and  the 
longitudinal  rods  placed  between  them. 

The  Cottangin  pipe  and  reservoir  reinforcements  are  formed  of  a  basketwork 
of  wire,  the  circular  wires  being  spaced  according  to  the  pressure.  To  secure  imper- 
meability, M.  Cottan5in  embeds  a  special  tube  between  two  shells  of  reinforced 
concrete.  The  tube  is  formed  of  a  strip  of  thin  metal  wound  spirally,  the  over- 
lappings  being  made  good  with  wire  gauze  or  vegetable  fibre  and  some  glutinous 
mixtiu'e.     This  he  covers  with  gutta-percha  and  protects  with  canvas  (Fig.  55). 
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The  pipes  on  the  Bonna  ByBtom  are  formed  of  his  cross-sectioD  bare,  either 
■with  spiral  or  hooped  circular  reinforcements. 

When  hoops  are  employed  the  bars  are  cut  to  the  proper  lengths,  bent  into 
hoops,  and  their  ends  fastened  together  with  a  riveted  cover  joint.  The  hoops 
are  forced  over  a  cylindrical  core  to  make  them  truly  circular,  then  put  into  a 
kind  of  frame  (Fig.  247)  formed  of  uprights  supporting  two  longitudinal  bars,  one 


at  the  t{>p  and  one  at  the  bottom.     These  bars  have  notches  cut  in  them  at  the 
proper  distances  apart  to  receive  the  hoops. 

After  the  hoops  have  been  Bxed  in  position,  the  longitudinal  bars  are  added 
at  proper  distances  apart,  having  been  previously  notched  out  to  fit  on  to  the 
hoops  (Fig,  248).     When  the  longitudinal  bars  are  in  place  they  are  tied  to  the 


hoops.  For  high  pressures  two  series  of  reinforcing  skeletons  are  employed,  with 
a  sheet  iron  or  steel  tube  between  them.  These  tubes  are  also  used  inside  pipes 
with  single  reinforcements. 

The  tubes  are  generally  formed  in  three  pieces,  which  are  secured  together 
by  being  bent  at  their  edges  to  form  clips,  in  the  same  manner  as  sheet  lead  or 
zinc  are  joined,  the  joints  being  closed  with  solder  (Fig.  249).  The  processes  of 
cutting  to  length,  forming  the  folds  at  the  edges,  bending  to  the  required  radius, 
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and  clasping  the  folds  together,  are  effected-  by  special  machinery.  Latterly  both 
the  longitudinal  and  circumferential  joints  have  been  welded,  using  a  blowpipe  with 
an  acetylene  and  oxygen  flame. 

A  layer  of  thin  sheet  lead,  bitumen  or  caoutchouc  is  sometimes  employed 
embedded  in  the  concrete  to  obtain  watertightness. 

When  the  double  series  of  bars  with  a  tube  between  are  employed,  the  longita- 
dinal  bars  for  the  inner  series  are  formed  on  a  collapsible  template  constructed 
of  circular  ribs  notched  to  receive  the  longitudinal  bars,  which  are  made  with  indents 
to  receive  the  circular  bars  ;  these  having  been  previously  cut  to  the  proper  lengths, 
bent  to  the  required  radius,  etc.,  are  placed  in  position  around  the  longitudinals, 
and  are  tied  to  them  with  thin  wire.  The  tubes  are  now  shpped  over  the  inner 
skeleton  and  the  outer  reinforcement  is  formed  on  the  tube. 

The  arrangement  of  the  reinforcement  for  two  reservoirs  for  the  town  of  Locle, 
each  containing  221,000  gallons,  on  the  VaUerie  el  Simon  syst«m,  is  shown  in  Fig. 
250.  The  cireular  rods  having  been  bent  round  a  series  of  uprights,  the  inter- 
mediate verticals  were  placed  in  position  and  tied  to  the  hoops. 


For  large  rectangular  underground  reservoirs,  the  methods  adopted  are  very 
similar  to  those  described  above  for  ordinary  buildings. 

The,  reinforcements  for  large  sewera,  avhways,  conduits,  and  aimilar  works  are 
of  the  same  character  as  described  for  pipes.  They  are  generally  built  up  in  situ 
in  the  form  of  longitudinals  and  hoops,  or  the  bottoms,  side  walls  and  arches  are 
formed  of  separate  series  of  rods.  Sometimes,  however,  the  whole  skeleton  is 
made  outside  the  trench  and  put  in  place  in  lengths. 

Pile  Reinforcements. — ^These  are  generally  much  the  same  as  those  for 
coliimns.  Mr.  L.  Q.  Mouchel  for  his  hollow  piles  employs  forked  rods  to  hold  the 
longitudinal  rods  apart,  as  well  as  the  wire  cross-pieces  for  holding  them  together. 

Mr.  A.  E.  Williams,  of  Dagenham  Docks,  constructs  a  pile  with  a  rolled  joist 
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reinforcement  and  a  bent  flat  bar  to  strengthen  the  sides  paraUel  to  the  web.    He 
also  places  loops  in  the  concrete  at  frequent  intervals  (Fig.  194). 

The  reinforcement  of  the  piles  of  the  Rechtem,  Vering  and  Dopking  system 
are  built  up  of  rolled  joists  framed  together.  Those  of  the  Armoured  Concrete 
Construction  Company  have  angle  irons  at  each  comer,  connected  by  straps  at 
frequent  intervals  and  having  a  special  diaphragm  of  wire  bent  in  the  form  of  a 
spring  intermediate  with  the  straps  (Fig.  150).  M.  Considere  employs  a  special 
hooping  for  pile  reinforcements. 

Reinforcements  for  Large  Span  Arches. — These  are  generally  much  the 
same  as  those  employed  for  beams  and  floors. 

M.  Hennebique  for  his 
arches  employs  hooked  rods  as 
shown  (Fig.  261)  for  his  trans- 
verse reinforcement  in  the  ver- 
tical plane.  These  are  hooked 
round  cross  rods  placed  under 
the  main  longitudinal  bottom 
rods,  and  at  the  upper  ends 
are  bent  over  similar  cross  rods 
which  lie  above  the  upper  main 
longitudinals.  These  transverse 
rods  are  not  hooked  at  both 
ends,  as  the  form  of  the  upper  portion  lends  itself  more  easily  to  adjustment,  since 
by  the  time  the  top  longitudinals  are  reached  the  transverse  reinforcements  are 
firmly  fixed  in  the  concrete. 

Elevation  of  a  half  rib. 
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Hinge  at  springing. 


Flo.  252 

Some  systems,  such  as  the  Melan,  employ  rolled  joists  or  built-up  girders 
arch  reinforcements,  which  method  lends  itself  conveniently  to  the  formation 
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hinged  connexions,  such  as  those  shown  (Fig.  262),  which  shows  reinforcing  ribs 
for  a  three-hinged  arch  bridge  at  Steyr  (Austria).  The  twisted  bars  of  the  Ran- 
some  system  are  connected  together  by  union  sleeves  of  a  pitch  to  conform  to  the 
twist  of  the  bars. 

Large  Sewers,  Subways  and  Conduits  of  Horse-shoe  Section. — For  these 
structures  it  is  usual  to  place  the  reinforcement  in  position  before  building  up  the 
moulds,  and  in  some  systems  the  reinforcement  is  of  such  a  character  that  it  can 
be  used  for  supporting  the  falsework.  In  others,  when  the  skeleton  is  in  the  form 
of  a  Ught  network,  as  in  the  Monier  and  similar  systems,  no  support  can  be  obtained 
from  it.  In  these  cases  a  method  frequently  adopted  is  to  place  irons  of  a  V  or 
channel  shape  longitudinally  along  the  bottom  of  the  walls  to  receive  the  lower 
ends  of  the  bars  of  the  circimiferential  reinforcement,  which  are  curved  tp  the 
shape  of  the  arch  and  side  walls  before  being  put  into  place.  These  are  let  down  into 
the  trench,  and  are  supported  at  their  tops  by  longitudinal  timber  bars  notched 
at  the  proper  distances  apart  to  receive  them.  The  longitudinal  bars  are  then 
put  into  place,  and  are  fastened  to  the  circumferential  bars  either  by  wire  ties, 
bolts  or  rivets,  according  to  their  section. 

The  putting  on  of  the  longitudinal  rods  is  commenced  at  the  bottom  of  the 
side  walls,  and  the  network  is  completed  to  the  springing  of  the  arch.  Shutters 
are  then  placed  in  position,  and  the  concrete  is  worked  in  and  rammed  around 
the  reinforcement  between  the  sides  of  the  trench  and  the  shutters.     When  the 
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Fig.  263 


side  walls  are  finished  centres  for  the  arch  are  set,  the  longitudinal  rods  of  the  arch 
are  put  in  place,  and  the  network  packed  up  off  the  lagging  with  small  flat  pieces 
of  stone  ;  after  which  the  concrete  is  put  in,  in  the  same  manner  as  for  ordinary 
concrete  arches,  and  well  rammed  and  worked  round  the  reinforcement,  the  extrados 
being  smoothed  off  with  a  trowel. 

When  the  reinforcement  is  sufficiently  rigid  M,  Coignet  supports  the  whole 
from  a  notched  timber  longitudinal  supported  on  single  uprights  at  both  ends  of  a 
length  (Fig.  253). 

Large  Circular  Sewers,  Subways  or  Conduits. — ^These  are  formed  much 
in  the  same  way  as  those  of  a  horse-shoe  shape.  M.  Coignet,  however,  employs 
a  special  manner  of  erection.  A  narrow  block  of  concrete  is  first  inserted  at  the 
invert  for  the  distance  of  a  length,  and  rigid  frames  of  timber  G  H  I  J  (Figs.  254 
and  255)  are  erected  at  certain  distances  apart  having  rolled   joist  cross-pieces 
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(P)  at  about  the  centre  of  the  height  for  supporting  the  ribe  for  the  arch ;  tbeee 
are  also  used  for  hanging  a  scaffold  for  the  workmen  when  constructing  the  bottom 
half,  the  Bcaffold  for  the  arch  being  hung  from  the  projecting  ends  of  the  top  cross- 
piece  of  the  frame. 


i-ONQlTUDlNAL  SECTION 
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A  narrow  centre  (/)  (Fig,  254),  about  3  feet  wide  and  12  to  H  feet  long,  is 
hung  by  hooked  rods  (a)  from  the  top  cross-pieces.  At  the  middle  of  this  centre 
a  notched  piece  of  timber  (6)  is  fixed  on  the  top  of  the  laggings,  the  notches  being 
spaced  the  distance  apart  of  the 
circular  reinforcing  hoops.  These 
reinforcements,  which  have  been 
previously  bent  either  by  hand  or 
machine  to  the  required  radius  and 
tied,  welded,  or  otherwise  fastened 
together  at  the  ends,  are  placed  in 
the  notches,  and  the  narrow  centre 
is  then  hung  in  its  proper  position. 
The  pieces  (Q)  (Fig.  255)  are  now 
secured  to  the  frames,  and  the  lagg- 
ings for  the  bottom  portion  placed 
upon  them. 

The  longitudinal  bars  for   the 

bottom  portion  are  put  into  place, 

being  guided  for  position  by  curved 

strips    which    are    notched  at   the 

Flo.  2SS  proper  distances  apart ;  these  strips 

(A')  (Fig.  256)   are  made  the  same 

depth  as  the  required  thickness  for  the  concrete,  the  notches  being  deep  enough 

to  allow  the  longitudinal  bars  to  take  their  proper  position.     When  the  longitudi- 
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nal  rods  for  the  bottom  portion  are  in  place  the   mortar,  mixed  stifF,  is  thrown 
j^nat  the  laggings  and  smoothed  off  by  screeding. 


When  the  bottom  portion  is  finished  and  the  concrete  ha«  set,  the  hooked  rods 
{a)  I  Fig.  254)  are  lowered  and  the  short  centre  released  and  removed  to  the  next 
length,  being  replaced  by  a  framed  arch  centering  {C)  (Fig.  266),  which  is  lagged 
and  supports  curved  and  notched  stripe  {N)  (Pig.  267).  The  arch  is  then  formed  in 
the  same  way  as  described  for  the  lower  portion  and  the  extrados  screeded  up. 


The  Employment  of  Expanded  Metal  for  Sewers,  etc. 

Expanded  Metal  is  frequently  adopted  as  a  reinforcement  for  sewers  and  similar 
structures  moulded  in  place.  Figs.  258  and  259  show  sewers  reinforced  with  this 
material  during  construction. 


Moulding  in  Place. 

Transport  of  Material. — Though  in  reinforced   concrete   work  the  quantity 
of  material  to  be  hauled  is  less  than  that  for  structures  of  plain  concrete,  still  if 
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the  system  of  transport  has  been  carefully  laid  out  and  the  general  managenteDt 
of  the  different  gangs  is  properly  watched,  considerable  economy  can  be  effected 
The  arrangements  for  the  circulation  of  the  concrete  should  be  independent 
of  the  moulds  and  centering,  and  be  supported  by  separate  scaffolding  if  possible. 
Means  must  be  allowed  to  enable  the  wagons,  etc.,  conveying  the  concrete  to  pass 
one  another,  and  arrangements  made  so  that  all  parts  of  the  work  may  be  efficieDtl; 
and  promptly  served. 


In  the  United  States  aerial  cableways,  or  various  kinds  of  conveyors,  are 
frequently  employed  and  are  an  excellent  arrangement,  as  the  conveyors  are  always 
out  of  the  way  of  the  staging  for  the  men  and  materials,  and  cannot  cause  any 
vibration  to  the  moulding  falsework,  Messrs.  Ransome  have  patented  an  apparatus 
for  transport  purposes,  consisting  of  a  series  of  hoisting  buckets,  with  a  travelling 
crane,  which  is  moved  around  the  walls  on  their  upright  slotted  standards  men- 
tioned above.  A  man  stationed  on  the  wall  receives  and  empties  the  buckeU 
as  they  are  hoisted  and  rams  the  contents  into  place.  No  scaffolding  whatever 
is  required  about  the  wall  when  this  apparatus  is  used  ua  conjunction  with  the 
movable  frames  (Figs.  210  and  211). 

Such  an  arrangement  is  undoubtedly  economical  and  facilitates  rapid  con- 
struction. There  is,  however,  considerable  danger  that  the  travelling  crane,  though 
of  light  make,  will  cause  considerable  vibration  and  thereby  damage  the  concrete, 
since  it  is  supported  by  the  frames  holding  the  wall  moulding  boards. 

On  B  bridge  constructed  by  Mr.  Thacher  a  trough  conveyor  60  feet  long  was 
employed.  It  was  provided  with  trap  doors,  through  which  the  concrete  was 
deposited  where  required. 

In  arranging  a  system  of  transport  for  material  it  is  well  to  make  every  possible 
use  of  gravity.  The  raw  materials  forming  the  concrete  should,  if  possible,  be  raised 
to  an  elevated  position  from  whence  they  can  pass  down  through  mechanical  mixers, 
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and  then  through  conveyors  to  the  work.  Fig.  230  shows  the  system  employed 
for  the  construction  of  some  large  Coal  Storage  Pockets  at  Pine  Hill,  on  the  Kahn 
System.  Here  advantage  was  taken  of  a  natural  rise  in  the  ground.  The  cars 
containing  the  raw  materials  discharged  into  a  pit  through  their  bottoms.  A 
conveyor  picked  up  the  material  as  dumped  and  Uf  ted  it  on  to  a  raised  platform  on  the 
side  of  the  cutting  ;  from  thence  it  gravitated  to  the  mixers.  The  concrete  as  dis- 
charged from  the  mixers  was  conveyed  along  a  revolving  arm,  the  end  of  which 
could  be  swung  to  command  a  large  area.  A  flexible  shoot  was  attached  to  the 
end  of  the  conveyor,  and  could  be  moved  about  to  command  the  whole  work. 

The  organization  of  the  labour  on  a  structure,  if  well  or  badly  conducted, 
frequently  means  success  or  failure.  Everyman  should  have  definite  duties  to  per- 
form, and  all  the  operations  should  be  carried  out  in  pre-arranged  cycles  so  that 
the  men  shall  not  get  in  each  other's  way. 


General  Remarks  on  the  bringing  up  of  the  Work.— The  methods  adopted 
for  putting  the  concrete  and  reinforcements  in  place  vary  somewhat  in  the  several 
systems  at  present  in  vogue.  Sometimes  the  metalUc  skeleton  is  built  up  first 
by  the  aid  of  special  light  scaffolding,  being  held  together  by  a  few  bolts,  rivets 
or  other  fastenings,  and  supports  the  forms  in  which  the  concrete  is  moulded,  and  in 
some  cases  is  itself  employed  to  form  some  portion  of  the  moulds. 

The  concrete  may  be  poured  into  the  moulds  in  a  semi-hquid  state,  which 
method  is  adopted  when  the  whole  of  the  forms  are  built  up  to  the  full  height  at 
one  time.  It  is,  however,  generally  practicable  to  ram  it  in  fairly  dry  when  the 
moulds  are  kept  just  in  advance  of  the  work,  and  this  is  better  practice  if  it  can 
be  accomplished.  In  other  cases  falsework  and  moulds  are  first  erected,  the  rein- 
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forcement  is  then  put  in  place  and  secured  in  position,  after  which  the  concrete  is 
added.  This  manner  of  treatment  is  frequently  adopted  where  the  reinforcing  skele- 
ton is  made  up  of  pieces  fastened  together,  but  it  is  not  sufficiently  rigid  to  enable  it 
to  support  any  external  load  unaided. 

When  this  method  is  employed  the  concrete  can  be  put  in  without  inter- 
mission, and  hence  the  liability  to  the  formation  of  lines  of  cleavage  is  avoided. 
Where,  however,  a  reinforcement  is  placed  in  position  before  the  concrete  on  its 
underside  is  in,  there  is,  in  some  cases,  considerable  difficulty  in  properly  ram- 
ming the  concrete  around  it,  so  as  to  fill  in  all  the  spaces  below  the  metal. 

Perhaps  the  most  general  custom  is  to  build  up  the  moulds  as  the  work 
proceeds  and  to  fill  in  the  concrete  as  they  are  brought  up,  putting  the  reinforcement 
in  position  as  required.  This  method  is  generally  employed  by  the  systems  in 
which  the  reinforcing  sections  are  not  secured  together  and  can  be  placed  separately, 
and  in  those  where  a  network  must  be  held  in  position  by  the  concrete,  as  is  the  case 
with  Cottan9in  floors. 

The  disadvantage  of  the  stoppages  necessary  in  the  concreting  operations 
during  the  time  required  to  place  the  reinforcements,  and  while  the  moulds  are 
being  raised,  has  been  referred  to  (p.  160).  Care  must  also  be  taken  to  retain  the 
metal  in  its  proper  place  while  the  concrete  is  being  filled  in  and  rammed. 

The  concrete  should  be  put  in  as  soon  as  possible  after  mixing,  and  where  the 
surface  has  been  left  for  any  time  before  a  fresh  layer  is  added  this  surface  must  be 
left  as  rough  as  possible  and  should  be  thoroughly  cleaned  and  washed  over  with 
neat  cement  of  the  consistency  of  cream,  a  layer  of  mortar  being  spread  on  before 
further  concrete  is  added.  The  work  is  rendered  easier  by  reason  of  the  moulds 
being  built  up  as  required,  and  the  workmen  can  be  better  supervised.  In  the  Monier 
and  other  systems  all  the  above  methods  are  adopted  to  suit  different  cases,  but  the 
latter  is  the  one  most  generally  used  by  M.  Hennebique  and  in  the  Ransome  and 
similar  systems. 

The  falsework  should  be  left  in  place  as  long  as  possible,  except  in  special  cases, 
as  for  instance  the  sides  of  beam  boxes,  which  may  be  removed  as  soon  as  the 
concrete  has  set  sufficiently  to  be  self-supporting.  The  floor  centerings  and  the 
supports  to  the  underside  of  the  beams  should  be  left  in  position  for  ten  days  or  a 
fortnight  and  for  large  spans  and  considerable  thicknesses  it  is  better  to  allow  a 
month  or  six  weeks  to  elapse  before  their  removal. 

A  detailed  description  is  given  below  of  the  work  as  conducted  in  filling  the 
moulds  which  are  built  up  as  the  work  proceeds,  being  that  adopted  by  M.  Henne- 
bique ;  other  similar  systems  employ  much  the  same  methods. 

Forming  Ordinary  Floors,  Walls,  etc, — The  concrete  is  formed  in  layers 
varying  in  thickness  from  1  to  2  inches  in  beams  and  about  |  of  an  inch 
for  floors  and  slabs  generally.  It  is  deposited  in  layers  of  about  double 
these  thicknesses,  which  are  reduced  by  ramming.  The  first  layer  having  been 
formed,  the  straight  rods  are  put  in  position,  with  the  stirrups  placed  at  their  proper 
intervals  ;   these  are  held  upright  by  a  little  concrete  placed  around  them. 

If  the  stirrups  are  very  high,  they  are  held  by  cross-pieces  of  wood  lightly 
nailed  across  the  top  of  the  moulds.  The  next  layer  of  concrete  is  then  put  in  and 
rammed  carefully,  special  precautions  being  taken  not  to  displace  the  rods  or  stir- 
rups and  to  keep  these  latter  open.  The  stirrups  should  bear  all  round  the  bottom 
half  of  the  rods,  and  great  care  in  supervision  is  necessary  to  insure  this  being  the 
case,  as  the  ramming  tends  to  lift  the  rods  away  from  the  stirrups. 
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When  the  concrete  has  been  brought  up  to  the  level  of  the  underside  of  the  bent 
rods,  theee  are  placed  in  position  and  the  concreting  continued  until  the  beam  is  com- 
plete, the  tope  of  the  stirrups  appearing  above  the  siu^ace  of  the  concrete  as  these  ter- 
minate just  below  the  surface  of  the  floor.  The  centering  for  the  slab  is  next  erected, 
after  which  the  straight  and  bent  rods,  and  stirrups  for  this  are  laid  in  poBition. 
TiiB  first  layer  of  concrete  is  now  put  on,  and  the  rods,  etc.,  lifted  by  it  above  the 
centering,  further  layers  are  then  added,  great  care  being  taken  that  the  stirrups 
remain  in  contact  with  the  rods. 

Sometimes  the  first  layer  of  concrete  is  put  on  before  the  reinforcements  are 
placed  in  position,  but  the  former  method  is  the  best,  since  it  enables  the  concreting 
to  be  carried  on  without  pause.  Fig.  261  shows  the  floor  of  the  Cattle  Wharf,  Prince's 
Jetty,  Liverpool,  during  construction. 


Special  rammers  are  used  of  varying  sizes  (a)  (Fig.  262),  being  formed  of  square 
or  rectangular  pieces  of  cast  Iron,  with  a  protruding  socket  in  the  centre  of  their  upper 
surfaces,  into  which  a  wooden  handle  is  placed  of  the  length  required.  The  cast-iron 
head  is  usually  made  about  |  of  an  inch  thick,  and  the  sizes  being  about  6|  x  6  j, 
6 J  X  2  J,  ajid  2^  X  2^  inches.     The  socket  is  generally  about  12  inches  long. 

Other  rammers  as  (&)  and  (e)  (Fig.  262)  are  also  employed.  These  forms  of 
rammer  are  not  used  when  working  the  concrete  between  the  branches  of  the  stir- 
rups, or  for  ramming  around  the  reinforcements.  The  instrumente  used  for  these 
purposes  are  of  wrought  iron  shaped  as  (d)  (Fig.  262),  of  lengths  up  to  6  feet,  the 
diameter  of  the  iron  being  about  j  of  an  inch.  A  bead  about  4  inches  long  and  j  of 
an  inch  deep  at  the  point  is  formed  at  both  ends,  one  being  forged  down  to  a  thick- 
ness of  about  J  an  inch  for  a  depth  of  |  of  an  inch,  the  other  is  jumped  up  to  a  thick- 
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nes3  of  about  1  inch  or  more  for  a  depth  of  2}  inches,  being  the  full  depth  of  the 
head. 

These  are  the  principal  forms  used  for  beams,  columns,  walls,  and  similar  casea 
where  the  moulds  are  box-shaped. 
For  floors  and  slabs  a  beater  is  em- 
ployed, with  a  long  curved  handle 
(e)  (Fig.  262) ;  this  is  made  entirely 
of  wood,  the  head  being  about 
16  X  16  inches,  and  about  1^  inches 
thick  at  the  centre,  curved  off  all 
ways  to  about  j  of  an  inch  at  the 
edges.  The  total  length  of  this 
beater  from  the  outer  edge  of  the 
"""  head  to  the  end  of  the  handle  may 

be  about  SJ  to  6  feet,  and  the  perpendicular  depth  from  the  underside  of  the  head 
to  the  end  of  the  handle  approximates  2J  feet.  Sometimes  a  simple  rod  of  iron  is 
used  for  working  the  concrete  around  the  reinforcement  in  walls  and  columns. 

In  columns  and  walls,  the  upright  reinforcements  are  placed  in  position  before 
the  concreting  is  commenced,  and  are  held  in  place  by  temporary  stays.  The  cross- 
pieces,  usually  of  wire,  are  shpped  down  from  the  top  a  good  many  at  a  time,  and 


£^ 


are  left  behind  in  the  concrete  as  necessary.  The  longitudinal  rods  in  walls  are 
placed  in  position  when  the  concrete  has  been  brought  up  to  the  level  at  which 
they  are  required. 

It  is  very  important  that  the  concrete  should  be  well  rammed  and  worked 
Tound  the  reinforcements.     It  should  not  be  too  dry  or  too  wet,  as  if  too  dry  it 
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will  not  ram  properly.  If  moisture  does  not  show  on  the  surface  while  ramming,  the 
concrete  is  not  wet  enough,  and  must  be  further  wetted,  but  such  wetting  should  be 
avoided  as  far  as  possible. 

Fig.  263  shows  the  general  sill  to  distribute  the  weight  of  the  building  for  the 
Co-operative  Wholesale  Society's  warehouse  at  Newcastle. 


In  the  Mattrai  form  of  construction,  which  differs  considerably  from  other 
methods,  all  the  reinforcements  are  put  in  place  before  any  concrete  is  deposited. 
Fig.  264  shows  a  Mattrai  floor  in  course  of  construction. 

Hollow  Floor  and  Wall  Construction. — M.  Hennebique  sometimes  moulds 
both  the  floor  and  ceiling  slabs  in  advance. 

After  the  planks  forming  the  bottom  of  the  beam  boxes  are  in  position,  the 
ceiling  slabs  are  lifted  and  placed  on  these,  having  been  made  of  such  a  size  that 
they  have  a  bearing  of  about  three-quarters  of  an  inch  all  round.  The  reinforcing 
rods  in  these  slabs  are  left  projecting  for  such  a  distance  as  will  allow  their  ends, 
when  bent  up  round  the  main  beam  rods,  to  reach  nearly  to  the  upper  surface  of  the 
floor.  After  the  first  layer  of  concrete  has  been  put  in  the  straight  rods  of  the  beams 
are  placed  in  position,  and  each  series  of  reinforcements  from  the  ceiling  slabs  are 
bent  up  round  the  rods  in  the  beam  nearest  to  the  slab  from  which  they  project. 
The  stirrups  are  also  put  in  place,  and  in  this  case  embrace  all  the  rods,  with 
one  leg  on  each  side  of  the  beam  (Fig.  265). 
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The  sides  of  the  beam  boxes  having  been  formed  as  described  (page  163)  the 
concrete  is  carried  up  in  the  usual  way,  the  bent  rods  being  put  in  when  the  filling 
is  brought  up  to  their  level.  The  beam  is  moulded  to  the  underside  of  the  floor 
slab,  the  upper  surface  being  formed  concave  (Fig.  266)  so  that  the  stirrups  and 
rods  from  the  ceiling  slab  project.  When  the  concrete  has  set  sufficiently,  the  sides 
of  the  boxes  are  removed,  the  floor  slabs  placed  in  position,  with  their  reinforc- 
ing rods  projecting  and  crossing  one  another  over  the  concavities  left  in  the  top 
surface  of  the  beams.  This  hollow  is  then  filled  in  with  concrete,  which  unites  the 
stirrups,  vertical  rods  from  the  ceiling  slabs  and  the  horizontal  rods  of  the  floor  slabs. 
The  portion  which  forms  the  floor  slabs  above  the  hollows  is  lastly  carefully  smoothed 
off,  so  that  the  slabs  may  be  continuous.  When  the  floor  slabs  are  moulded  in  sUu 
more  centering  is  necessary,  the  moulding  being  performed  as  described  for  solid 
floors  (page  188). 

In  the  Pavin  de  Lafarge  system  the  ceiling  slabs  are  moulded  at  the  same  time 
as  the  beams,  the  reinforcing  rods  of  the  slabs  being  tied  with  annealed  wire  to  short 
rods  carried  over  the  main  beam  reinforcing  rods.  The  floor  slabs  are  moulded  in 
advance,  and  frequently  receive  a  covering  of  brick,  wood,  or  other  paving  (Fig.  267). 
A  small  space  is  left  over  each  beam  in  this  case  to  allow  for  any  expansion. 
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M.  Coignet  forms  his  ceiling  slabs  and  beams  together,  the  rods  of  the  ceiling 
slab  being  continuous  and  bent  up  so  as  to  pass  over  the  reinforcing  rods  of  the 
beams. 

M,  Covlarou  simply  passes  the  ceiling  reinforcements  over  the  longitudinal 
beam  rods  and  into  the  adjoining  ceiling  slab,  giving  a  good  overlap. 

Hollow  Walls  are  generally  formed  in  bays  with  cross  ribs  of  concrete  extending 
the  whole  height.  M.  Hennebique  carries  the  floor  slabs  through  to  the  outer  slab 
of  the  hollow  walls.  The  reinforcements  are  temporarily  held  in  position  by  framed 
timber  templates. 

Methods  of  Construction  of  Reservoirs  and  Similar  Works.— Some 
methods  employed  in  bringing  up  the  concrete  for  reservoirs,  silos  and  similar 
structures  are  shown  (Figs.  268  and  269).  Fig.  268  is  a  view  of  a  grain  silo  at 
Nogent-sur-Seine,  in  course  of  construction,  showipg  the  reinforcements  and  the 
falsework.  The  sides  were  moulded  between  small  shutters,  held  in  position  by  bolts 
passing  through  the  concrete.    These  holes  are  filled  in  after  the  shutters  have  been 

removed. 
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Fig.  269  shows  the  conatruction  of  a  gasometer-tank  for  the  town  of  Geneva, 
which  had  an  internal  diameter  of  106-6  feet  and  a  depth  of  24-6  feet.    The  walls  In 


this  case  were  formed  between  a  boxing  of  boards  held  in  position  by  wood  strips, 
nailed  across  the  top,  and  bolts  at  the  bottom,  the  latter  being  removed  as  the  work 
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proceeded  and  the  holes  filled  in.  This  gasometer-tank  was  built  by  MM.  de  VaBerit 
et  Simon,  and  was  completed  in  80  days  from  the  commencement  of  excavatioiL 

Methods  of  Constructing  Arches. — Arches  of  the  Monier  or  similar  types 
are  generally  constructed  in  the  following  manner. 

Aft«r  the  centering  is  in  position,  a  diagram  of  the  bars  is  drawn  on  the  lag- 


ging. The  longitudinal  and  transverse  bars  are  placed  in  position  forming  a  mesh. 
A  very  usual  custom  is  to  first  lay  out  transverse  bars  from  18  inches  to  3  feet 
apart,  being  some  multiple  of  the  spacing.  These  are  fastened  lightly  to  the  lagging ; 
the  longitudinal  bars,  curved  to  the  proper  sweep,  are  then  placed  in  position,  and  are 
tied  to  the  transverse  bars.  Lastly  the  remainder  of  the  transverse  bars  are  put  in 
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place,  and  are  tied  to  every  other  longitudinal  bar.  All  the  bars  are  as  long  as 
possible,  and  the  joints  in  the  longitudinals  are  placed  where  there  is  no  fear  of 
tensile  stresses.  When  lengthening  is  necessary  the  bars  are  overlapped  for  a 
length  of  about  24  times  their  diameter,  and  are  tied  together  by  a  wrapping  of 
wire.  When  the  longitudinal  bars  require  lengthening  the  overlapping  for  the 
several  reinforcements  should  break  joint,  those  for  neighbouring  bars  being  as 
remote  as  possible  from  one  another. 

When  the  network  has  been  formed,  it  is  raised  to  its  proper  distance  off  the 
lagging  and  supported  there  by  small  flat  stones  ;  the  concrete  is  then  put  in  under 
and  round  the  network,  being  carefully  rammed  round  the  bars  ;  it  is  put  on,  in  from 
4  to  6  inch  layers,  being  well  consolidated  with  iron  rammers  and  wooden  beaters. 
The  concreting  is  commenced  at  the  springings  and  haunches  at  the  same  time,  to 
avoid  any  lifting  of  the  centers,  and  is  carried  on  each  way  from  these  places,  so  that 
the  settlement  may  be  as  even  as  possible. 

The  arch  is  closed  at  about  the  same  time  at  the  crown  and  places  on  each  side 
between  the  springings  and  haunches.  Sometimes,  in  large  arches,  the  concreting  is 
commenced  only  at  the  springings  and  worked  up  to  meet  at  the  crown.  In  this  case 
the  filling  is  only  done  to  the  level  of  the  extrados  network,  which  is  then  put  on, 
having  been  previously  made  on  the  ground,  after  which  the  concreting  is  completed. 
The  vertical  timbers  which  are  placed  on  the  centers  to  form  the  faces  of  the  arch  are 
cut  off  to  the  form  of  the  extrados,  and  act  as  screeds  for  forming  the  surface. 

If  the  concreting  is  done  in  longitudinal  sections,  as  is  necessary  in  the  case  of 
large  arches,  intermediate  screeds  are  used.  The  extrados  is  formed  by  means  of 
straight  edges  in  the  usual  way,  and  is  sometimes  further  smoothed  with  a  trowel 
or  float.  The  surface  is  then  protected  by  a  covering  of  bags  or  about  six  inches  of 
sand,  which  are  constantly  moistened  so  that  the  concrete  may  be  kept  damp  until 
it  has  completely  set. 

Where,  as  in  the  case  of  elliptic  arches,  a  boxing  must  be  employed  to  form  the 
extrados  near  the  springings,  the  concrete  is  placed  in  transverse  layers  from  the 
springings,  being  well  rammed  around  the  reinforcements  and  against  the  centering 
and  extrados  coverings,  the  latter  being  brought  up  as  the  work  proceeds.  In  this 
case  the  transverse  bars  of  the  network  must  be  put  in  as  the  concrete  is  filled  in. 

Arches  with  longitudinal  reinforcements  only  are  treated  in  very  much  the  same 
way  as  described  for  arches  reinforced  with  networks.  It  is  always  advisable  to  use 
transverse  reinforcements  in  both  directions  in  arches  of  large  span,  as  the  arch  acts 
mostly  under  compression,  and  therefore  the  concrete  requires  lateral  support  against 
swelling. 

Arches  Reinforced  with  Heavy  Sections. — In  these  arches  the  reinforce- 
ments are  first  put  into  place  by  the  aid  of  special  scaffolding,  and  are  frequently 
employed  to  partially  support  the  centering.  The  concreting  is  effected  in  much  the 
same  manner  as  described  above,  the  centers  being  loaded  in  such  a  way  that  their 
deformation  is  avoided.  The  reinforcements  having  a  certain  rigidity,  the  ramming 
can  be  effected  tangentially  to  the  centering,  and  the  layers  brought  up  in  such  a 
manner  that  they  form  as  it  were  voussoirs  across  the  whole  width  of  the  arch. 

Temporary  strips  of  wood  may  be  inserted  across  the  arch  and  the  concrete 
works  in  up  to  these  ;   they  are  then  removed  and  the  next  block  commenced. 

In  the  Melan  and  similar  systems  the  arch  is  divided  into  longitudinal  sections 
by  the  rolled  joists  or  other  reinforcements  ;  the  concreting  is  therefore  carried  on 
section  by  section,  each  being  begun  at  the  springings  ;  can  be  completed  to  the  crown 
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in  a  compaiatiTely  short  space  of  time  without  break.  Fig.  270  shows  a  Melan  uch 
ready  for  the  concreting. 

Where  large  sections  of  reinforcement  are  employed,  great  care  must  be  exer- 
cised in  ramming  the  concrete  around  the  joista  or  other  reinforcements,  so  that 
they  may  be  properly  surrounded,  and  special  care  is  necessary  in  working  in  the 
concrete  into  the  re-entrant  angles  of  the  top  flanges.  The  main  sections  should 
be  held  together  laterally. 

Arches  with  Ribs. — These  are  formed  in  the  same  manner  as  described  above 
for  beams  and  floors  (page  168),  the  concrete  being  placed  in  layers,  and  the  reiD- 
forcing  sections  put  in  position  as  the  work  proceeds.  For  hollow  ribbed  arches 
of  the  Hennebique  system  the  reinforcements  and  concrete  are  put  in  place  as  in 
the  case  of  hoUow  floors  (page  191),  excepting  that  the  intrados  and  extrados  are 
moulded  in  situ  on  special  slabs  of  reinforced  concrete,  which  are  left  in. 


Large  Sewers,  Subways  and  Conduits. — The  methods  employed  in  form- 
ing these  have  been  already  described  under  "  Treatment  of  Reinforcements,"  as 
the  building  up  of  the  skeleton  and  putting  in  of  l!he  concrete  are  intimately  con- 
nected, and  cannot  well  be  described  separately  {vide  pages  183  to  185). 

Tunnels. — These  can  be  constructed  in  a  similar  manner  to  latge  subways 
or  conduits  excepting  that  the  arch  is  closed  as  a  tunnel  arch  with  block  laggings. 

Striking  of  Centers. — ^The  centers  are  generally  left  up  until  the  concrete 
has  set  sufficiently  to  have  attained  almost  its  full  strei^h,  i.e.  for  about  a  month, 
but  some  constructors  strike  them  as  soon  as  possible,  so  that  they  may  be  re-used. 
The  striking  of  the  centers  too  soon  is  likely  to  cause  considerable  settlement  in  the 
arch,  and  consequently  an  initial  straining  of  the  materials.  It  has,  however, 
been  pointed  out  that  the  centers  cannot  take  up  the  same  form  as  the  arch,  under 
climatic  influences,  since  under  the  influence  of  heat  the  arch  will  expand  while 
the  centering  contracts. 

The  lifting  of  the  arch  from  the  centering  may  in  some  measure  be  prevented 
by  keeping  the  surface  damp  ;  but  the  centering  being  protected  from  the  damp 
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wiD  certainly  have  a  tendency  to  contract,  which  in  time  would  cause  an  automatic 
slacking.  It  may  be  well,  however,  to  keep  the  centering  wet  by  playing  a  hose 
on  it  at  intervals  for  about  two  weeks  after  the  work  is  complete,  though  this  is 
not  good  for  the  preservation  of  the  timber. 

The  time  allowed  after  an  arch  is  complete  before  the  centering  is  struck  varies 
from  two  weeks  to  two  months.  It  is  probably  the  best  practice  to  allow  the 
centers  to  remain  in  position  for  about  six  weeks  after  the  moulding  is  complete  ; 
but  the  planks  against  the  faces  of  the  arch  should  be  struck  as  soon  as  possible, 
as  this  will  help  the  setting.  The  portions  of  the  centering  near  the  springings  are 
sometimes  struck  a  fortnight  or  so  before  the  rest  so  as  to  allow  the  arch  to  take 
part  in  any  settlement  of  the  abutments ;  but  if  this  is  done  there  must  be  an  open 
joint  left  in  the  spandril  walb. 


Moulding  in  Advance 

General  Remarks. — The  pieces  moulded  in  advance  should  not  be  put  into 
position  until  sufiScient  time  (a  month  at  least)  has  elapsed  for  them  to  have  attained 
yeiy  nearly  their  full  strength,  as  in  all  probability  when  placed  in  position  they  can 
be  conveniently  used  to  support  the  falsework  and  materials  required  for  parts 
of  the  structure.  They  must  be  left  in  their  moulds  until  suflSciently  set  (usually 
from  about  three  days  to  a  week,  depending  on  the  nature  of  the  piece),  after  which 
the  boxes  may  be  removed  and  re-used,  while  the  finished  piece  is  left  to  harden 
either  in  the  air,  as  is  generally  the  case,  or  in  water,  damp  sand  or  sawdust.  Harden- 
ing in  the  air  produces  initial  tensile  stresses  in  the  concrete,  while  hardening  in 
water  puts  the  concrete  into  compression  (p.  292).  M.  Considere  points  out  that 
the  hardening  in  water  is  advantageous  for  pieces  which  will  be  subjected  to  direct 
compression,  when  they  are  hooped  (vide  p.  286). 

The  staging  on  which  the  moulding  is  performed  must  be  rigid  and  free  from 
vibrations. 

Moulding  in  situ  should  be  universally  adopted  for  important  parts  which 
are  dependent  on  one  another,  as  when  moulded  separately,  in  advance,  there  can 
be  no  intimate  connexion  with  the  other  parts  of  the  structure.  When  pieces 
are  moulded  in  advance  great  care  is  necessary  when  moving,  lifting  and  placing 
them  in  position,  so  that  they  may  not  be  damaged  in  any  way. 

All  thin  slabs  should  be  made  with  special  care,  and  the  concrete  used  must 
not  be  mixed  any  weaker  than  2  to  1  when  the  very  best  materials  are  used  ;  with 
materials  of  worse  quality  1^  to  1,  or  even  I  to  1,  are  employed. 

When  the  mortar  is  set,  i.e.  about  a  day  after  finishing,  the  surface  should 
be  well  wetted  and  covered  with  a  layer  of  wet  sand,  which  must  be  kept  moist 
for  about  a  fortnight,  after  which  it  may  be  removed  and  the  slab  placed  in 
position.    These  remarks  apply  equally  to  slabs  moulded  in  place. 

Parts  of  Buildings  Moulded  in  Advance. — ^Many  advantages  are  gained 
by  moulding  the  parts  for  building  in  advance. 

1.  It  is  more  economical  to  mould  the  beams,  slabs,  etc.,  in  a  shed  than  on 
falsework. 

2.  The  moulding  can  be  carried  on  in  all  weathers,  causing  a  considerable 
saving  in  time. 

3.  There  is  more  freedom  and  space  where  no  falsework,  or  very  little,  is 
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employed  than  with  the  mass  of  props,  boxes,  and  staging  rendered  neces- 
sary when  moulding  in  situ, 

4.  The  erection  can  go  on  without  intermission. 

5.  The  structure  will  bear  its  final  loading  immediately  the  parts  are  in  place. 

6.  The  building  up  of  the  structure  is  greatly  facihtated  in  consequence  of 
the  beams,  slabs,  etc.,  merely  requiring  lifting   and  placing  in  position. 

7.  The  pieces  can  be  tested,  if  required,  before  being  placed  in  the  work. 
Moulding  in  advance  may  be  recommended  for  pieces  of  small  dimensions, 

such  as  slabs,  and  floors  like  those  of  the  Herbst,  Siegtoari,  Stotte,  and  Vistniini 
systems  (pp.  68,  106,  108,  and  110);  on  the  ground  of  economy,  especially  so  when 
there  are  a  number  of  pieces  of  a  similar  size,  for  which  the  same  moulds  can 
be  re-used.  These  floors  have  the  advantage  of  reducing  the  penetration  of 
sound.  Where  ceiling  slabs  of  reinforced  concrete  are  used,  it  is  evidently  an 
advantage  to  mould  them  before  erection,  since  they  can  then  be  employed  to 
mould  the  floor  upon. 

M.  CoUan^in  employs  this  method  with  his  double  floors.  The  ceiling  slabs 
are  propped  up  off  projections  on  the  beams  so  as  to  support  the  floor  slabs  whilst 

being  moulded,  and  are   then   lowered   again  on 

1  to  the  projections   after   the   floor  has  set  (Fig. 

271).  Fig.  272  shows  this  method  during  the  con- 
struction of  a  floor.  When  the  beams  and  floor 
slabs  are  constructed  to  act  separately,  as  in  those 
cases  where  the  floor  slabs  merely  rest  on  the 
beams,  both  the  floor  slabs  and  beams  may  be 
Fio.  271  ^       moulded  in  advance  with  economy  and  without 

fear  of  any  detrimental  effect  on  the  structure, 
the  calculations  having  been  made  without  any  reference  to  a  united  action.  In 
this  case  the  slabs  should  be  carefully  bedded  on  the  beams,  so  as  to  have  an  even 
bearing.  If  the  surfaces  of  the  beams  are  irregular .  they  should  be  made  level 
before  the  slabs  are  placed  in  position. 

When  beams  or  ribs  are  moulded  in  advance  and  placed  bodily  in  position, 
they  are  generally  made  of  light  scantHng  for  ease  in  handling,  and  placed  near 
together.  In  some  cases,  intersecting  ribs  are  moulded  in  advance,  with  the  object 
of  saving  the  expense  and  trouble  of  falsework,  the  intersections  being  made  good 
when  they  are  in  position.  The  ribs  are  hfted  into  place  three  or  four  weeks  after 
moulding,  and  are  then  used  to  support  the  falsework  on  which  the  floors  are 
moulded. 

The  Cottan9in  and  Coignet  systems  employ  this  method.  In  the  Cottan^n 
system  the  network  of  the  beams  is  left  projecting  beyond  the  concrete  at  the 
upper  edge,  and  the  floor  network  is  interlaced  with  it ;  the  two  are  considered  to 
act  together  when  the  floor  is  complete.  Fig.  273  shows  such  a  floor  during 
construction.  In  the  Coignet  system,  the  transverse  reinforcements  of  the 
beams  are  carried  into  the  floor  slab.  In  the  Bonna  system,  floors  are  sometimes 
constructed  in  the  same  manner. 

When  this  method  is  employed,  the  beams   when  in  position  must  be  well 

stayed  against  lateral  movements,  they  must  also  have  sufficient  strength  to  enable 

them  to  support  unaided  the  imposed  loads  during  the  mouldings  of  the  floor. 

This  method  of  construction  is  undoubtedlv  economical,  but  there  is  more 

difficulty  in  ensuring  the  proper  connexion  between  the  beams  or  ribs  and  the 
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floor  dab  than  in  the  case  of  monolithic  construction  ;  the  upper  portions  of  the 
beams  are  moulded  after  the  lower  portion  has  completely  set,  and  there  is  con- 
sequently every  reason  to  doubt  whether  the  two  portions  are  ever  properly  united, 
though  the  reinforcements  being  interwoven  or  carried  from  the  beam  into  the 
slab  will  certainly  tie  them  together. 

It  appears  doubtful  practice  to  mould  the  beams  in  advance  when  they  are 
intended  and  calculated  to  act  as  one  with  the  floor  slab  in  resisting  the  imposed 
stresses,  although  the  systems  which  adopt  this  method  certainly  obtain  fair 
results. 

In  the  Hennebique  system,  in  which  the  whole  main  structure  is  moulded 
in  place,  it  is  customary  to  make  in  advance  the  lintels,  sills,  lesser  uprights  and 
window  frames  of  the  fa9ade,  also  thin  partitions  and  similar  pieces  which  do  not 
affect  the  stabiUty  of  the  structure,  and  to  build  them  in  bodily  as  the  work 
proceeds  (Fig.  90).     M.  Coignei  also  employs  this  method. 


Fig.  272 


Theory  shows  that  when  each  is  considered  by  itself  the  rectangular  beam 
IS  more  economical  than  the  T-beam,  but  it  loses  this  advantage  in  practice,  since 
the  T-beam  employs  the  depth  of  the  floor  slab  for  a  certain  width  on  each  side  for 
resisting  the  compressive  stresses,  whereas  the  rectangular  beam,  merely  support- 
ing the  floor  slab,  gains  no  resistance  from  it,  and  must  be  made  deeper  to  obtain 
the  requisite  compressive  resistance.  For  a  true  balance  of  economy,  only  the  por- 
tion of  the  T-beam  below  the  floor  slab  should  be  compared  with  a  rectangular  beam. 

Floors  constructed  partly  in  advance  and  partly  in  place. — ^This  type  of 
construction  is  coming  more  and  more  into  vogue  and  has  considerable  merits. 

The  amount  of  falsework  and  centering  required  is  small,  since  the  pieces 
moulded  or  manufactured  in  advance  either  support  themselves,  or  require  merely 
a  support  along  their  edges,  while  the  portions  moulded  in  place  either  require 
no  separate  support  or  only  single  lines  of  planking. 
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The  Kahn  Hollow  Tile  flooring  and  the  Siegwart  floors  are  of  this  type 
{vide  pp.  70  and  106). 

This  forms  a  veiy  economical  system  for  short  spans  and  can  be  combined 
with  a  monolithic  construction  of  the  main  and  sabsidiary  beams. 

A  further  advantage  gained  by  the  employment  of  the  hollow  concrete  blocks 
or  tiles  of  these  systems  is  the  deadening  of  the  sound  due  to  the  air  spaces  in  the 
flooring. 

Piles. — Piles  may  be  moulded  either  vertically  or  horizontally,  and  although 
it  would  seem  that  by  vertical  moulding  better  results  should  be  obtained,  as  the 
piles  act  under  direct  compression,  and  consequently  layers  normal  to  the  direction 
of  the  pressure  should  offer  better  resistance,  yet  it  has  been  found  that  horizontal 
moulding  does  not  reduce  the  strenirth  and  may  be  safely  adopted.    More  men  cui 


be  employed  when  moulding  horizontally  and  the  concrete  can  be  deposited  with- 
out intermission  on  each  pile  in  such  a  manner  that  there  are  no  planes  of  division 
between  the  successive  layers.  The  concrete  Is  thus  perfectly  homogeneous  and 
offers  as  great  a  resistance  normally  as  it  does  in  the  direction  of  the  ramming. 

Great  economy  is  effected  by  horizontal  moulding,  and  there  appears  no 
adequate  reason  against  its  adoption.  M.  Hennebique  now  usually  employs  thia 
method. 

The  vertical  moulds  for  piles  should  be  erected  near  one  another,  and  held 
by  a  rack  or  framework  of  timber.  Fig.  274  shows  the  pile  rack  for  the  Southamp- 
ton cold  storage  constructed  by  the  Hennebique  system.  The  moulds  are  similar 
to  those  described  for  columns  (page  183)  except  that  the  triangular  strips  are  not 
placed  in  the  corners,  as  no  chamfers  are  required. 
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When  the  concrete  has  set,  usually  about  one  week  after  moulding,  the  nails 
which  hold  the  horizontal  boards  in  position  are  withdrawn,  and  this  side  is  removed, 
the  remaining  sides  eased,  and  the  pile  withdrawn  by  a  crane  and  deposited  lying 
flat  on  the  ground,  or  stacked  with  others  until  required  for  the  work.  Piles  may 
be  driven  about  one  month  after  moulding,  but  it  is  advisable,  if  possible,  to  leave 
them  to  harden  for  a  somewhat  longer  period. 

The  vertical  moulding  ia  done  from  various  stages  placed  at  such  a  distance 
apart  that  a  man  can  always  conveniently  work  in  the  concrete  and  ram  it  well 
around  the  reinforcements.  Horizontal  moulding  is  performed  in  the  same  manner 
as  already  described  for  beams. 

The  Hennebique  and  aimilar  pUea  have  vertical  reinforcing  rods.  These  are 
bent  together  at  the  bottom  of  the  pile,  which  is  formed  in  an  iron  shoe,  similar 
to  those  used  for  timber  piles.  Several  of  the  wire  cross-ties  for  holding  the  rods 
together  are  sUpped  down  from  the  top  at  one  time,  and  are  left  behind  in  the 
concrete  as  they  are  required. 


If  one  series  of  rods  have  not  sufficient  length  further  rods  are  added,  the 
connexion  being  formed  by  simply  overlapping  them  for  a  length  of  about  twenty- 
four  times  their  diameter.  A  better  method,  however,  would  be  to  cut  oS  the 
ends  of  the  rods  truly  square  and  abut  them  against  one  another,  passing  a  sleeve 
of  iron  tubing  over  the  joint,  since  this  will  enable  the  rods  to  act  as  one.  The 
tops  of  the  reinforcing  rods  are  usually  covered  by  about  1 J  inches  of  concrete. 

M.  Considere  has  introduced  a  hooped  concrete  pile  which  has  given  excellent 
results.     These  piles  are  hexagonal  in  section,  and  are  moulded  horizontally. 

The  reinforcement  for  Coignei  Piles  is  put  together  completely  before  the  mould- 
ing is  commenced,  as  shown  (Fig.  275).  They  are  circular  in  section  and  are  made 
either  solid,  or  hollow  on  a  central  core,  and  are  moulded  horizontally,  the  mould 
being  filled  with  concrete,  after  the  framework  has  been  carefully  suspended  in  the 
interior  and  closed  at  the  top.  The  two  moulds,  which  are  formed  of  narrow  strips, 
clamped  together  with  iron  bands,  are  removed  after  24  hours  and  the  pile  left  on  the 
sill  on  which  it  was  moulded  for  about  six  weeks,  when  it  is  ready  for  driving.  Fig. 
276  shows  a  hollow  and  solid  pile.  These  had  been  driven  for  test  purposes  at 
the  Electric  Generating  Station,  Champs  Elysfies  and  then  withdrawn. 

Mr.A.E.  Williams,  otD&genham  Docks,  forms  the  point  of  his  piles  by  cutting 
away  the  web  of  the  joist  and  forging  the  flanges  together  ;  he  moulds  horizontally. 
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The  piles  of  the  Rechten,  Vereng  and  Dopking  system,  in  which  the  Teiafoice- 
ment  consiste  of  rolled  joists  framed  together,  are  usually  moulded  horizontaliy, 
but.  In  this  case,  whether  horizontal  or  vertical  moulds  are  employed,  it  is  equally 
difficult  to  well  ram  the  concrete  around  the  reinforcement. 

Pipes,  Sewers,  etc. — Pipes  and  similar  structures  are  moulded  in  eeveni 
different  ways,  slow-setting  emnent  being  employed  generally,  except  where  the 
mortar  is  poured  into  the  moulds,  when  quick-setting  cements  are  used.  Pipes  are 
moulded,  before  being  laid,  up  to  a  diameter  of  about  6^  feet  and  sometimes  an 
much  as  7}  feet,  and  lengths  up  to  10  or  12  feet,  but  when  larger  conduits  are  required 
they  are  moulded  in  place.  The  thickness  of  shell  seldom  exceeds  2}  to  SJ  inches, 
and  pipes  up  to  about  9  inches  diameter  are  usuaUy  from  Ij  to  2  inches  thick. 


Fio.  276 

The  Monier  pipes  and  sewers,  if  of  sufficient  thickness  to  allow  a  rammer  to  be 
worked,  are  moulded  vertically,  with  an  outside  casing  and  a  collapsible  core. 
If  too  thin  to  be  moulded  in  this  way,  they  are  formed  in  the  following  manner  : — 

The  reinforcing  network  is  placed  on  a  collapsible  core,  of  the  size  of  the  internal 
dianeter  of  the  pipe.  The  concrete,  which  is  mixed  stiff,  is  then  thrown  hard 
against  the  core  and  parsing  through  the  reinforcement  forms  a  layer  behind,  the 
network  being  shaken  during  the  process. 

When  the  first  layer  has  partly  set,  a  second  layer  is  added  in  the  same  manner 
excepting  that  the  shaking  of  the  network  is  discontinued.  This  process  goes 
on  until  the  required  thickness  is  attained.  Each  layer  is  about  |  of  an  inch 
thick.     The  inside  and  outside  are  then  finished  cff  with  thin  layers  floated   on. 

MM.  Pavin  de  Lafarge  also  employ  much  the  same  method  for  constructing 

The  moulding  of  pipes  is  performed  horizontally  by  Herren   Wa^/ss   d:  Co., 
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who  have  invented  a  special  machine  for  this  purpose.  Their  pipes  are  formed 
on  a  rotating  drum,  of  sheet  iron,  or  wood  covered  with  zinc,  receiving  the  mortar 
through  a  hopper  on  its  upper  surface  ;  this  is  spread  over  the  surface  of  the  drum 
by  rollers.  A  special  arrangement  is  employed  to  prevent  the  mortar  from  break- 
ing away  from  the  lower  portion  of  the  drum  during  rotation.  One  coat  of  mortar 
is  put  on  the  drum,  after  which  the  reinforcement  of  network  is  wound  round, 
having  been  previously  formed,  then  a  further  layer  of  mortar  is  added,  and  the 
process  continued  until  the  desired  thickness  is  attained. 

Pipes  are  often  moulded  vertically,  by  pouring  in  the  mortar  of  the  consist- 
ence of  a  stiff  grout.  No  ramming  can  be  done  in  this  case,  and  the  proper  sur- 
rounding of  the  reinforcement  can  only  be  effected  by  the  mortar  penetrating  every 
crevice  under  the  action  of  gravity.     Long  rods  are  however  used  in  some  instances 


to  aid  the  flow  of  the  grout.  When  special  sections  of  reinforcement  are  used  the 
spiral  form  aids  the  penetration  of  the  mortar  very  materially,  as  the  air  is  not 
so  hkely  to  become  imprisoned  in  the  re-entrant  angles. 

When  this  method  is  adopted  the  sides  of  the  moulds  should  be  frequently 
struck  with  wooden  mallets  during  the  running  in,  to  free  the  air  and  consolidate 
the  grout.  This  method  is  more  simple  and  economical  than  that  where  the  mortar 
is  put  in  in  layers  and  rammed  ;  it  also  is  more  likely  to  make  the  pipes  thoroughly 
water-tight,  although  there  seems  no  cause  to  fear  the  results  in  the  case  of  fairly 
dry  concrete,  well  rammed.  The  bottom  portion  of  the  pipe  receives  more  consoli- 
dation than  the  upper  portion.  There  does  not  appear,  however,  to  be  any  difference 
in  the  powers  of  resistance  to  leak^e  at  the  two  ends  of  the  pipe  on  this  account. 

A  quick-setting  cement  has  less  resistance  than  one  that  is  slow  setting,  but 
for  such  structures  as  pipes,  the  concrete  acts  almost  entirely  as  a  medium  for 
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distributing  the  stresses,  which  are  taken  up  by  the  reinforcement ;  it  only  acts 
directly  in  a  slight  measure  in  resisting  the  tendency  to  bending  in  a  longitudinal 
direction  between  the  circular  reinforcements. 

The  Bordenave  and  Bonna  systems  are  perhaps  the  chief  ones  which  employ 
this  method.    MM.  Pavin  de  Lafarge  also  mould  their  pipes  in  this  manner. 

It  may  be  interesting  to  describe  in  more  detail  the  methods  of  moulding 
employed  by  M.  Bordenave  and  M.  Bonna. 

In  the  Bordenave  system  a  covered  stage,  on  which  the  mortar  is  gauged  and 
the  necessary  work  done,  is  mounted  on  a  framework  on  wheels,  the  underside 
of  the  stage  being  at  such  a  height  above  the  ground  that  it  clears  the  full  length 
of  a  pipe.  At  one  end  there  is  a  hole,  over  which  a  framed  tower  is  erected  carry- 
ing pulley  blocks,  on  which  the  cores  of  the  moulds  are  lifted  and  lowered,  the 
tower  being  of  such  a  height  that  when  the  core  is  lifted  to  the  full  height,  its  bottom 
will  just  clear  the  top  of  the  stage.  This  apparatus  is  called  a  ''  pondeuse  "  (laying 
hen),  and  runs  on  a  tram  road  encircling  the  cement  and  other  necessary  sheds. 

A  ring  having  the  thickness  and  internal  diameter  of  the  required  pipe  is  placed 
on  the  ground,  and  the  reinforcing  skeleton,  which  has  been  previously  made  as 
described  (page  177),  is  placed  vertically  on  this  ring  in  its  proper  position.  The 
core,  which  is  made  collapsible,  so  that  its  diameter  may  be  varied  by  means  of 
toggles,  and  to  facilitate  its  removal,  is  then  lowered  into  position  and  opened  to 
the  desired  diameter.  The  shell,  which  is  made  to  open  and  shut,  is  then  suspended, 
open,  from  the  stage,  and  is  taken  down  and  put  into  place,  closed  and  fastened. 

The  mould  thus  formed  is  then  filled  with  grout,  through  a  special  funnel 
fixed  to  the  stage.  Before  the  mortar  is  quite  set  the  funnel  is  lifted  away,  and 
the  top  of  the  pipe  is  formed  by  hand.  When  the  grout  has  sufficiently  set,  the 
shell  is  opened  and  the  core  slackened,  and  both  are  removed,  the  pipe  being  left 
standing  and  the  "  pondeuse  "  moved  to  cast  the  next  pipe.  The  finished  pipes 
remain  in  place  until  the  apparatus  comes  round  to  within  a  short  distance  of  them, 
when  they  are  lifted  by  a  crane  on  to  trolleys  and  taken  to  a  stacking  ground. 
Fig.  277  shows  the  methods  adopted. 

M.  Bonna  moulds  his  pipes  in  much  the  same  manner,  the  reinforcement 
being  placed  on  a  ring  of  wood,  the  core  of  sheet  iron,  whose  diameter  can  be  varied, 
is  placed  inside,  and  a  steel  shell  outside,  which  is  in  two  halves  held  together  by 
hoops.  If  the  interior  of  the  pipe  is  to  be  lined  with  a  sheeting  of  steel  (which 
is  done  in  this  system  when  the  pipes  are  to  be  under  considerable  head)  the  steel 
lining  sometimes  acts  as  the  core  on  which  the  pipe  is  moulded. 

Each  mould  is  filled  at  one  time  through  two  telescopic  spouts,  fixed  to  a 
decking,  carried  as  in  the  Bordenave  system,  on  a  framework  attached  to  a  rolling 
carriage  running  on  a  tram  road.  A  funnel-shaped  collar  is  placed  on  the  mould 
to  facilitate  the  filling.  The  reinforcing  skeleton  is  held  in  position  by  cleats,  to 
ensure  its  being  kept  truly  in  place.  During  the  running  in  of  the  grout  the  mould 
is  hit  with  wooden  mallets,  to  get  the  air  out  and  properly  consolidate  the  grout.  The 
moulds  are  removed  twenty  minutes  after  moulding,  the  pipes  being  finished  with 
a  thin  rendering  of  the  surface,  and  are  removed  and  stacked  after  standing  for 
two  days. 

Methods  of  Connecting  the  Lengths  of  Piping. — Pipes  are  usually  con- 
nected together  in  the  trench  by  collars  of  reinforced  concrete,  formed  in  the  same 
manner  as  the  pipes,  their  inside  diameter  being  slightly  larger  than  the  outside 
diameter  of  the  pipes  themselves.    The  collar  is  threaded  on  to  the  pipe  already  in 
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the  trench,  the  next  pipe  is  then  put  in,  and  the  opening  between  the  two  is  filled 
with  a  cement  stopping,  the  collar  is  then  slipped  over  the  joint ;  the  ends 
of  the  collar  aie  then  stopped  with  mortar,  and  the  annular  space  between  the 
ooUar  and  the  pipes  is  filled  in  with  grout  through  holes  left  in  the  collar  for  this 


purpose.  Sometimes  joints  are  formed  with  indiarubber  rings  to  allow  for  expan- 
sion. 

MM.  Pavin  de  Lafarge  make  an  expansion  joint  formed  by  a  plain  collar  and 
two  angle  collars  of  iron  ;  the  angle  collars  are  secured  by  bolts,  and  the  joint 
is  made  by  two  rings  of  indiarubber,  which  are  pressed  between  the  angle  rings  and 
the  plain  collar  when  tightening  up  {Fig.  278), 

M.  Banna's  usual  method  of  jointing  his  steel-lined  pipes  is  shown  in  Figs. 
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279  and  280.  A  ring  of  ateel  in  two  halves  connected  by  bolte  is  placed  over  odb 
or  two  indiarubber  rii^,  placed  on  the  steel  lining,  which  is  left  projectfng  from  tbe 
ends  of  the  pipes.  The  bolts  are  tightened  up,  compressing  the  rubber  rings, 
thereby  ensuring  the  complete  water-tightness  of  the  joint.  The  reinforced  con- 
crete collar  is  placed  over  the  joint,  which  is  made  good  in  the  usual  way. 


Another  form  of  joint  employed  by  M.  Bonna  is  shown  in  Fig.  281,  Metal 
rings  formed  as  shown  are  welded  to  the  ends  of  the  steel  tube.  The  pipes  are 
then  brought  together,  the  joint  being  made  by  a  layer  of  red  and  white  lead  or 
cement  mortar. 

Branch  pieces  are  formed  in  one  piece  with  the  main  pipes.     Fig.  282  shows 


a  branch  on  the  Bonna  system,  and  sufficiently  indicates  the  methods  adopted. 
If  the  branch  is  continu^  in  reinforced  concrete  the  end  is  finished  plain,  and 
the  joint  with  the  following  pipe  made  with  a  collar  in  the  usual  way. 

M.  Bonna  makes  the  service  connexions  by  breaking  away  the  concrete  where 
required,  and  fonning  a  flat  surface.    On  this  he  places  a  service  cock,  which  is 
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^«cured  to  the  pipe  by  means  of  special  strap  bolts.  Other  systems  employ  much 
the  same  method.  The  joint  between  the  pipe  and  the  saddle  is  made  with  either 
■^  sheet  of  leather,  indianibber  or  asbestos. 

Methods  Employed  for  Driving  Piles. — Hollow  tube  piles  and  caissons  of  the 
Monier  and  similar  systems  are  sunk  by  a  water  jet  in  the  usual  way,  or  in  the  caee 
of  large  caissons  by  excavation  in  the  interior,  the  top  being  weighted.  The 
HtnnAique  solid  or  Mouchd  hollow  piles  and  those  of  the   Dojsking   and   other 


-^slems  are  driven  by  an  ordinary  ringing  machine  or  pile  driver  in  exactly  the 
gf^me  manner  as  ordinary  timber  piles  ;  the  monkey,  however,  may  be  heavier 
(jljan  for  timber  piles. 

Fig.  283  is  from  a  photograph  showing  the  driving  of  14  x  14  inch  Henne- 
bique  piles  43  feet  long  at  Plymouth. 

The  force  of  the  blow  should  be  uniformly  distributed  over  the  head  of  the  pile, 
gc  that  there  may  be  no  shattering  of  the  concrete  by  unequal  shocks. 

207 


REINFORCED   CONCRETE 

In  the  Dopking  system  an  oak  block  is  placed  on  the  top  of  the  pile.  Another 
method  is  to  place  blocks  of  soft  wood  on  the  top  of  the  pile  with  a  wooden  doU; 
over  them,  having  a  hollow  iron  shoe,  which  is  filled  with  old  rope. 

M.  Hennebique  places  an  iron  hood  with  a  spherical  or  partially  domed  head 
on  the  top  of  the  pile,  in  which  a  bag  of  sawdust  is  placed.  Sometimes  the  hood  is 
filled  with  aand  or  sawdust  and  is  caulked  at  the  bottom  with  clay  and  yam.  In 
some  cases  he  merely  employs  a  wooden  dolly  between  the  monkey  and  the  pile  head 
Another  method  which  is  employed  is  to  have  a  collar  of  steel  plate  round 
the  pile  head,  surrounded  by  three  straps  riveted  on  at  the  top,  bottom  and  middle. 
The  collar  is  slightly  larger  inside  than  the  pile  head,  and  is  secured  by  hard  wood 
wedges  ;  it  projects  about  two-thirds  of  its  height  above  the  head.  Alternate 
layers  of  sawdust  and  shavings  are  placed  in  the  collar,  - 
which  when  compressed  occupy  about  half  the  space  be- 
tween the  top  of  the  collar  and  the  head  of  the  pile.  The 
shavings  are  put  in  to  prevent  too  great  lateral  thrust 
in  the  sawdust.  The  blows  from  the  monkey  are  re- 
ceived on  a  hard  wood  dolly,  the  bottom  of  which 
enters  the  collar  (Fig.  284). 

In  driving  piles  constructed  of  hooped  concret«, 
according  to  M.  Consid^re's  patents,  it  appears  that  no 
hood  filled  with  sawdust  or  timber  dolly  need  be  em- 
ployed. 450  of  these  piles  36  feet  long,  with  an  octago- 
nal cross-section,  having  a  diameter  of  14  inches  and 
with  I'S  per  cent,  of  metal  in  the  longitudinals  and 
1'2  per  cent,  in  the  spirals,  have  lately  been  driven  in  this 
manner  almost  to  refusal,  with  a  4,408  pound  monkey 
delivering  300  blows  with  a  fall  of  393  feet.  Under 
this  severe  treatment,  the  concrete  only  scaled  oS  from 
outside  the  spirals   for  a  height  of  315  inches! 

When  sunk  in  sand  reinforced  concrete  piles  may 
be  put  down  by  means  of  a  water  jet  in  the  usual  way. 
The  sheet  piles  have  vertical  semicircular  recesses 
formed  at  either  side.  These  form  a  vertical  circular 
hole  between  the  neighbouring  piles  when  they  are 
driven,  and  are  filled  in  with  grout,  forming  a  water- 
tight joint. 


Construction  of  the  Schuylerville  Dam 

This  is  chosen  as  representing  a  typical  reinforced  concrete  dam ;  it  is  described 
in  detail  on  page  544  and  is  constructed  with  reinforced  slabs  on  the  up  and  down 
stream  faces  connected  by  transverse  ribs  stififened  with  longitudinal  beams,  as 
shown  in  Fig.  285.  It  is  230  feet  long  and  has  a  maximum  height  of  28  feet,  and 
an  average  height  of  25  feet. 

Fig.  286  shows  the  reinforcement  of  the  up-atream  face  in  position  with  a 
part  of  the  falsework  in  place  ;  underneath  the  longitudinal  bars  wldch  can  be  seen 
in  the  figure,  is  a  netting  of  Clinton  welded  fabric  which  is  too  fine  to  show. 

Fig,  287  shows  the  channel  of  the  river  with  the  lower  portion  of  the  dam 
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under  construction,  the  transTerse  ribs  and  the  longitudinal  atiffdning  beams  being 
shown  very  clearly. 

Fig.   288  shows  the  ingenious  and  simple  method  adopted  for  the  closing  of 


the  dam  and  patented  by  the  Ambursen  Hydraulic  ConBtructioo  Company,     The 
minimum  flow  of  the  river  was  computed  and  also  the  rate  of  rise  after  closing. 


Enough  openings  were  left  beyond  the  cofEer  dam  to  allow  for  the  low-water  flow 
when  about  one-quarter  full.    The  up-stream  face  and  the  transverse  ribs  were 
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extended,  as  shown  in  the  cross-Bection,  to  form  a  horizontal  shelf  through  which 
openings  were  left  over  vertical  grooves  in  the  ribs  below  them,  nailing  strips  being 
embedded  along  the  upper  suriace.  Stop  planks  were  prepared  ready  for  the 
temporary  closing  and  two  loose-fitting  forms  for  each  bay  as  shown  in  the  sectional 
plan,  together  with  a  network  of  reinforcing  rods  wired  together  at  intervals  so  as 
to  be  placed  bodily  in  position.  The  stop  planks,  forms  and  reinforcement  having 
been  prepared  and  placed  ready  to  hand  on  the  horizontal  shelf,  the  flow  of  the 
river  was  diverted  through  the  prepared  openings,  the  coffer  dam  removed,  and  the 
original  opening  was  closed.  When  the  dam  was  so  far  completed  a  favourable 
day  of  low  flow  was  selected,  and  a  gang  of  six  men  placed  at  each  opening  (six  open- 


ings were  left  in  this  dam).  When  aU  was  in  readiness  the  stop  planks  were  rapidly 
dropped  into  place,  the  forms  lowered  through  the  openings  in  the  horizontal 
she^,  and  drain  pipes  previously  prepared  were  inserted  through  the  bottom  of 
the  forms.  The  steel  networks  were  then  lowered  into  position  bearing  against 
the  concrete  shoulders  in  the  ribs  shown  in  the  sectional  plan.  The  space  between 
the  forms  was  next  filled  in  with  concrete  and  a  hatch  spiked  down  to  the  nailing 
strips. 

The  actual  closing  of  the  Schuylerville  dam  occupied  only  45  minutes,  and 
the  gang  on  one  opening  accomplished  the  whole  process  from  the  time  of  droppmg 
in  the  stop  planks  to  the  nailing  on  of  the  hatch  in  7  minutes. 

The  drain  pipes  through  the  forms  carried  away  any  leakage  through  the  stop 
planks  and  were  stopped  within  a  month  after  the  closing  with  two  soft  pine  plugs, 
enclosing  a  filling  of  concrete. 
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The  corresponding  openings  which  were  necessitated  in  the  down-atiBam 
apron  were  closed  after  the  up-stream  face  was  completed  by  setting  flash  boards 
on  the  crest  of  the  dam  above  the  openings  and  extending  for  some  distance  on  each 
aide,  and  making  these  tight  with  sandbags.  Under  the  protection  of  these,  the 
lower  openings  were  closed,  and  when  aufBciently  hardened  the  flash  boards,  etc., 
were  removed. 


Facings  for  Works  in  Reinforced  Concrete 

Nearly  all  ornamental  work  and  special  moulding  is  done  independently  of 
the  reinforced  parts  of  a  structure,  except  heavy  mouldings  which  are  roughly 
outlined  in  the  original  concrete.  They  are  not  taken  into  account  in  the  calcula- 
tions. 


It  is  very  seldom  that  such  special  moulds  are  used  as  to  leave  the  face  in  a 
condition  which  requires  no  further  attention.  Generally  when  the  moulds  are 
struck  the  surface  of  the  concrete  is  somewhat  rough,  and  shows  the  plank  mark- 
ings, or  the  impression  of  the  canvas,  paper,  etc.,  which  was  used  to  line  the  moulds. 

The  colour,  texture  and  general  finish  of  external  walls  are  often  quoted  as 
serious  difliculties.  In  purely  utilitarian  work,  such  as  in  factories,  the  surfaces 
are  left  as  they  come  from  the  mould,  and  the  result  is  certainly  far  from  pleasing  ; 
there  are,  however,  various  methods  of  finishing  which  may  be  adopted. 

We  may  colour  the  walls  with  distemper  in  two  coats  to  a  white  or  creamy 
white,  which  is  much  more  pleasing  than  the  cold  grey  of  the  natural  material. 
This  not  only  gives  an  air  of  cleanliness  and  an  impression  of  being  cared  for,  but  it 
goes  admirably  with  all  surroundings,  whether  hills,  trees,  water  or  other  buildings. 

If  a  face  is  desired  where  the  marks  of  the  wood  moulds  do  not  show,  a  capital 
surface  ,is  obtained  by  sprinkling  the  concrete  with  cement  grout  and  following 
it  up  quickly  with  a  wood  or  cork  float.  This  can  he  done  on  walls  and  columns 
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because  the  falsework  for  these  can  generally  be  removed  while  the  work  is  green. 
It  cannot  be  done  to  ceilings,  and  slabs  where  the  centering  cannot  be  lowered 
ontil  the  concrete  is  quite  hard,  as  by  that  time  it  is  impossible  to  get  rid  of  the 
inequaUties  by  rubbing  with  a  float.  A  floated  surface  may  also  be  twice  dis- 
tempered. 

Another  method  is  to  render  the  finished  surface  with  Portland  or  other  stone 
dust  and  Portland  cement  in  a  mixture  of  about  4  of  the  former  to  1  of  the  latter. 

For  a  fine  architectural  treatment,  it  is  usual  to  make  a  facing  of  stone,  secured 
to  the  backing  either  by  bonding  and  building  in  as  the  work  proceeds,  or  by  metal 
cramps  if  appUed  afterwards.  This  is  sometimes  objected  to  as  a  sham,  but  it 
appears  as  legitimate  to  face  a  reinforced  concrete  building  with  stone  or  marble 
as  it  is  to  face  a  brick  building.  Of  the  latter,  we  have  endless  examples,  to  which 
none  save  a  few  purists  object.  The  finest  architectural  works  of  the  Romanesque 
and  Renaissance  periods  were  so  treated,  of  which  the  Church  of  St.  Mark  in  Venice 
and  the  Cathedral  of  Monreale  are  excellent  examples. 

Ceilings  are  often  left  rough  in  factories  and  workshops,  but  in  offices,  public 
and  domestic  buildings,  a  finer  surface  is  required. 

For  such  it  is  usual  to  render  the  ceilings,  sides  and  soffits  of  beams  with  setting 
stuff  mixed  with  hair  and  gauged  with  plaster  ;  all  hollow  faces  being  brought  to 
a  fair  surface  in  one  operation. 

For  a  harder  surface,  a  method,  costing  about  25  per  cent,  more  may  be 
employed,  viz.  :  to  render  the  concrete  with  plaster  made  of  3  of  washed  sand,  2 
of  plasterer's  putty  and  1  of  Portland  cement.  All  hollow  places  should  be  brought 
level  with  washed  sand  and  Portland  cement,  gauged  2  and  1. 

Floors  are  frequently  finished  with  floated  cement  i  thick.  This  gives  a 
perfectly  solid  floor  with  the  hygienic  advantage  that  it  affords  no  lodgment  for 
dust  or  vermin.     It  has  the  disadvantage  that  it  communicates  sound  very  readily. 

To  secure  the  advantage  of  solidity,  to  prevent  the  passage  of  sound,  and  to 
form  a  warmer  and  more  agreeable  covering  suitable  for  habitable  rooms,  the  upper 
surface  may  be  covered  with  wood  blocks  laid  in  a  mixture  of  Stockholm  pitch  and 
tar.    For  this  a  |  inch  floated  bed  of  cement  and  sand  is  also  required. 

Linoleum  or  cork  carpet  is  sometimes  laid  direct  on  the  |  inch  cement  flooring, 
and  remains  in  place  by  its  own  weight.  Cork  flooring  is  also  used,  but  it  is  glued 
down  to  the  cement  bed. 

These  solid  floors  afford  no  facilities  for  the  running  of  electric  light  or  bell 
wires  or  hot  water  pipes.  It  is  therefore  very  desirable  to  make  proper  provision 
when  laying  the  concrete. 

Electric  light  wires  are  now  run  in  simplex  or  steel  tubes  which  in  ordinary  runs^ 
do  not  exceed  i  diameter.  As  the  floated  cement  bed  is  of  that  thickness,  they  can 
be  embedded  in  it  and  concealed  by  the  wood  block  or  other  covering.  But  the 
junction  boxes  at  changes  of  direction,  etc.,  are  larger,  and  these  must  be  sunk  in 
the  sohd  concrete  by  the  insertion  of  wood  blocks  at  the  required  places,  which  may 
afterwards  be  removed  and  the  boxes  placed  in  position. 

Flat  roofs  are  best  covered  with  asphalte  laid  in  two  thicknesses  ;  this  with- 
stands the  changes  in  temperature  to  which  roofs  are  exposed  better  than  cement. 
It  may  be  noted  here  that  roofs  and  other  exposed  surfaces  are  usually  constructed 
with  reinforcement  in  two  directions  at  right  angles  to  each  other  to  resist  the 
cracking  of  the  concrete  under  temperature  stresses. 

Any  heavy  ornamental  moulding  should  be  roughly  formed  in  the  original 
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concrete  so  that  the  tmiBhing  layer  may  he  as  thin  as  possible,  since  the  mean  thick- 
ness of  this  coat  ought  not  to  exceed  half  an  inch,  and  it  is  well  to  keep  it  down 
to  a  quarter  of  an  inch  if  possible.  Where  however  the  moulds  can  be  removed 
before  the  concrete  has  set,  the  facing  layer  may  be  increased  with  advantage. 
The  rendering  of  the  face  should  be  put  on  directly  the  moulds  are  struck,  and 
consolidated  as  much  as  poisible  by  employing  a  wood  or  cork  float  for  applying  it. 

The  mortar,  except  when  impermeabihty  is  necessary,  shoiild  be  gauged  in 
the  same  proportions  as  the  mortar  of  the  concrete  on  the  main  work,  and  not  be 
richer  than  this,  as  the  richer  it  is  the  more  it  will  expand  or  contract  unevenly. 

The  sand  used  must  not  have  very  large  grains  unless  some  special  finish  requir- 
ing these  is  decided  upon.  Messrs.  Cubitt  (Builders,  Grays  Inn  Road)  have  obtained 
an  excellent  facing  by  employing  Portland  stone  dust  and  chippings  as  aggregates ; 
the  finish  has  the  appearance  of  Portland  stone,  but  is  much  more  durable. 

The  facing  mortar  is  often  coloured  to  avoid  a  patchy  appearance  ;  when  colour- 
ing matter  is  employed,  great  care  should  be  exercised  in  order  that  a  perfectly  even 
colour  is  obtained,  as  a  badly  coloured  surface  is  worse  than  one  of  the  ordinary 
raortar.  Bridges  are  frequently  finished  in  this  way,  the  facing  layer  being  some- 
times worked  in  against  moulds  covered  with  sheet  iron,  zinc  or  plaster  of  parisas 
the  work  is  brought  up,  a  piece  of  sheet  iron  being  placed  between  the  face  mortar 
and  ordinary  work  and  pulled  up  gently  before  they  set  to  obtain  a  good  bond. 
The  facing  is  of  course  made  thicker  in  this  case. 

Where  sheets  are  not  used  between  the  two  mixings,  the  face  work  is  often 
brought  up  with  the  back  work  by  spreading  it  on  the  moulds  before  the  ordinary 
concrete  is  put  on,  care  being  taken  not  to  force  the  stones  through  to  the  face. 

The  limit  of  colouring  matter  added  to  the  cement  ought  not  to  exceed  about 
10  per  cent,  by  volume,  and  should  be  kept  below  this  if  possible.  Yellow  and  black 
are  the  most  usual  colours  employed.     A  coating 

of  shellac  is  frequently  applied  to  plaster  of  paris  "<■   -    *'  —    >«-  »•> 

moulds    to   obtain   a  smooth  and  non-adhesive 
surface. 

The  faces  of  walls  in  which  the  outer  coating 
is  brought  up  as  the  work  proceeds  are  often 
rubbed  over  with  a  cork  float,  with  s  small 
amount  of  mortar,  after  the  moulds  have  been 
struck,  which  fills  in  any  air  holes  and  leaves  an 
even  face. 

Parts  of  the  work  where  no  great  strength  is 
necessary,  such  as  parapets,  etc.,  of  bridges,  are 
frequently  moulded  on  the  ground  and  lifted  and 
set  io  position  after  they  have  completely  set. 
Fig.  289  shows  a  balustrade  parapet  of  this  type. 

Bridges  and  other  work  can  be  faced  with  brick  or  .- — , 

stone,  put  on  after  the  concrete  is  moulded,  or  used  I        i 

instead  of  shuttering,  being  built  up  as  the  con-  ' 

Crete  is  put  in,  with   sufficient  number   of   ties  _/■""' 

extending  well    into  the  concrete  in  the  usual 
way. 

The  Ransome  system  employ  an  imitation 
stone  face  by  placing  V-shaped  wood  strips   on  Fm.  2C'j 
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their  moulds,  striking  as  soon  as  possible  and  then  either  picking  over  the  surface  or 
dressing  it  with  a  chisel  according  to  the  finish  required  (Fig.  207).  The  concrete 
used  at  the  face  is  coloured  to  match  any  stone,  and  is  often  formed  of  sand 
obtained  by  crushing  the  stone  which  it  is  desired  to  imitate. 

A  method  sometimes  employed  in  forming  a  surface  to  a  reinforced  concrete 
structure  is  to  splash  on  a  thick  grout  with  a  large  brush.  This  leaves  a  slight 
roughness  which  will  not  show  hair  cracks,  and  frequently  looks  better  than  a 
surface  which  is  quite  smooth. 

Slow-setting  or  a  mixture  of  quick  and  slow-setting  cements  are  frequently 
used  for  facing,  with  the  object  of  an  expeditious  finish,  but  it  is  better  to  always 
use  slow-setting  cements,  since,  for  even  variation  under  atmospheric  changes,  tiie 
cement  of  the  facing  and  that  of  the  main  work  should  be  the  same. 

The  network  for  Monier  arches  is  sometimes  placed  directly  on  the  lagging 
and  the  concrete  put  in  above  it.  After  the  center  is  struck  the  exposed  network 
is  covered  with  layers  of  mortar  of  varying  proportions,  commencing  with  3  to  1 
and  terminating  at  the  intrados  with  neat  cement.  For  obvious  reason  this  method 
is  not  to  be  recommended.  A  joint  of  cleavage  is  left  at  the  underside  of  the 
network,  neat  cement  is  absolutely  sure  to  expand  and  contract  badly  with 
atmospheric  changes,  and  consequently  will  show  cracks  ;  and  fiurther,  the  layers  of 
different  proportions  all  vary  in  their  expansion  and  contraction,  and  are  almost 
certain  to  separate  more  or  less  from  each  other. 

Where  a  very  good  f  a<5e  is  required  it  is  best  to  make  the  moulds  with  special 
care,  and  to  line  them  with  sheet  iron,  zinc,  or  plaster  of  paris  covered  with  shellac. 

For  facing  reservoirs  and  similar  structures,  a  thicker  layer  is  used  than  \ 
to  i  inch  as  recommended  above,  and  this  is  mixed  in  richer  proportions,  in  some 
cases  being  as  rich  as  1  to  1.  After  the  facing  is  completed  the  water  is  let  in  and 
allowed  to  remain  for  a  week  or  a  fortnight,  as  this  will  prevent  any  cracking  of 
the  surface  during  setting,  and  the  subsequent  variations  in  temperature  and 
humidity  are  very  slight. 

For  slabs  M.  Hennebique  covers  the  surface  with  a  layer  of  about  three-quarters 
of  an  inch,  mixed  twice  as  strong  as  the  rest  of  the  slab.  He  puts  this  on  directly 
after  the  last  layer  of  the  ordinary  gauging,  so  that  the  bond  shall  be  perfect. 

Cracks  in  Floors,  Walls,  etc. 

These  cracks  may  be  due  to  various  causes.  If  the  cement  is  unsound,  con- 
taining free  lime,  the  concrete  may  be  seriously  ruptured  by  the  blowing  of  the 
lime.     This  cause  cannot  exist  when  the  cement  is  of  good  quality. 

Cracks  of  a  much  less  serious  nature  are  produced  by  cements,  cement  mortars 
and  cement  concrete  shrinking  slightly  when  setting  in  air  (see  page  292),  this 
shrinkage  being  most  marked  in  the  case  of  neat  cement  and  less  marked  as  the 
mortar  or  concrete  becomes  poorer. 

To  avoid  cracks  from  this  cause,  it  is  necessary  to  keep  the  surfctces  wet  for 
a  considerable  period,  say  for  a  month  after  the  concrete  is  in  place.  Sometimes 
the  cracks  are  very  fine  hair-cracks,  scarcely  extending  below  the  surface  and  not 
affecting  the  mass  of  the  work.  This  is  due  to  the  rising  of  the  cement  to  the 
surface  during  ramming,  the  water  which  then  appears  bringing  with  it  the  light 
and  floury  particles  of  cement.  As  a  result,  the  face  has  a  skimming  of  neat  cement 
which  shows  hair-cracks,  unless  kept  wet  for  some  time. 
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Craoba  are  also  produced  by  changes  of  temperature,  causing  the  mass  to 
iocieaee  or  decrease  in  volume.  These  changes  being  restrained  by  various  caitaes 
cracks  are  produced.  The  increase  of  volume  due  to  rise  of  temperature  is  not  great 
(except  in  faces  exposed  to  the  ann's  rays).  As  the  variations  of  temperature  in 
temperate  countries  are  slight,  and  it  takes  a  long  time  for  the  mass  of  concrete  to 
be  aSected  by  them,  the  resulting  expansion  and  contraction  is  consequently  small. 
To  avoid  these  cracks  we  should,  as  pointed  out  before,  put  in  reinforcements  at 
right  angles  to  each  other  in  roofs  and  walls  exposed  to  the  sun's  rays,  and  may 
use  expansion  joints  of  various  types. 

Where  it  is  possible  any  exposed  surface,  such  as  that  of  bridge  decking,  roofs, 
linings  to  slopes,  pavement  slabs,  etc.,  should  be  covered  when  completed  with 
a  layer  of  sacks  or  some  other  suitable  material  for  as  long  a  period  as  possible, 
the  covering  being  kept  damp.  This  will  prevent  the  shelling  up  of  the  surface. 
When  concrete  is  brought  to  a  surface  by  straight  edges  working  on  screeds  or  by 
floating  or  similar  procedure,  it  is  well  to  sprinkle  sand  on  the  surface  as  it  is  formed, 
the  tendency  being  for  the  cement  to  rise  to  the  top  of  the  slab,  and  this  surface 
is  sure  to  peel  off  unless  sand  is  mixed  with  the  cement  while  it  is  being  formed. 

Hinges  for  Arches 

There  are  several  methods  employed  for  forming  the  hinges  in  reinforced 
concrete  arches. 

When  heavy  sections  of  reinforcements  areemployed,  as  the  rolled  joists  or  built- 
np  girders  of  the  Melan  system,  these  lend  themselves  to  the  formation  of  hinge 
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joints  similar  to  those  used  in  metallic  bridges  (Fig.  252).  In  this  case  concrete 
at  the  joint  is  often  formed  as  shown  therein  The  hinges,  when  small  reinforcing 
sections  are  used,  may  be  formed  in  various  ways ;  the  concrete  may  be  finished 
off  on  each  side  at  the  joint  in  hinged  cast-iron  or  steel  shoes,  as  shown  Fig.  290,  or 
the  hinges  may  consist  of  hard  stone  with  two  convex  surfaces,  as  shown  in  Fig. 
290,  or  with  concave  and  convex  surfaces  of  different  radii,  in  the  same  manner  as 
the  concrete  is  moulded  in  Fig.  252. 

Another  very  usual  method  of  forming  the  hinges  for  reinforced  concrete  arches 
13  to  use  narrow  lead  plates  about  |  of  an  inch  thick,  the  joints  where  the  lead 
is  inserted  being  carefully  scraped  out  and  left  open. 

An  excellent  method  used  for  closing  a  hinged  concrete  arch  near  Chingen, 
Wiirtemberg,  is  shown  in  Fig.  291,  which  explains  itself.  The  longitudinal  wedge- 
shaped  mould  boards  were  removed  24  hours  after  the  concrete  was  put  into  place. 

215 


REINFORCED    CONCRETE 

Herr  Yod  Leibrand  in  1891  published  the  results  of  some  experiments  on  lead 
to  discover  its  fitness  for  hinges  of  masonry  arches,  an  extract  of  this  publication 
being  given  in  the  Engineering  News.  Hen*  Von  Leibrand  found  that  cast  le«l 
cubes  with  3*12  square  inch  sides  and  a  density  of  113  supported  a  pressure  of  711 
pounds  per  square  inch  for  26  hoars  without  showing  any  signs  of  lateral  yielding ; 
under  a  pressure  of  1,023  pounds  per  square  inch  they  commenced  to  yield  slowly. 
Increasing  the  load  every  ten  minutes  till  a  total  of  4,260  pounds  per  eqaare 
inch  on  the  original  surface  was  reached,  the  yielding  increased,  but  not  rapidly. 
At  this  load  the  lead  had  an  area  of  3' 89  square  inches,  making  the  unit  load  3,28S 
instead  of  4,260  pounds  per  square  inch. 

Increasing  the  load  further  to  12,780  pounds  per  square  inch  on  the  original 
surface  the  yielding  increased  rapidly,  and  the  unit  load  only  increased  from  3,289 
to  4,180  pounds  per  square  inch. 

This  behaviour  of  lead  cubes  indicates  a  property  of  great  importance  for  the 
purpose  of  arch  hinges,  since  if  the  curve  of  pressures  approaches  the  edge  of  the 
lead  plates,  and  the  pressure  exceeds  the  resistance  of  the  lead  to  compression,  it 
yields  at  the  point  acted  upon,  and  the  pressure  per  unit  surface  will  consequently 
be  reduced. 

Herr  Von  Liebrand  advises  that  blocks  which  have 
a  great  resistance  should  be  inserted  adjoining  the  lead 
binge  plate,  such  as  basalt,  granite,  or  haxd  sandstone, 
when  the  work  is  of  large  dimensions.  In  ordinary 
cases  a  resistance  of  10,650  to  11,360  pounds  per 
square   inch   is   Bufficient. 

For  spans  from  60  to  130  feet  lead  fillets  an 
p,g   291  employed,  J  of  an   inch  in  thickness,   and  of  such  a 

width  that  the  maximum  pressure  will  be  about  1,700 
pounds  per  square  inch. 

For  arches  of  from  130  to  170  feet  span  Herr  Von  Leibrand  has  employed 
hinges  like  those  used  for  metal  arches,  the  concrete  being  received  by  hinged  shoes, 
as  described  above. 

The  advantages  gained  by  forming  an  arch  with  hinges  are  that  changes 
of  temperature  do  not  alter  the  stresses,  while  premature  striking  of  the  centering 
has  less  effect,  and  any  sinking  of  the  centre  while  moulding  can  be  rectified 
without  any  dangerous  straining. 

Arches  of  small  span  will  be  more  economical  if  they  are  constructed  without 
hinges,  but  there  seems  no  doubt  that  hinges  should  be  used  for  lai^  span  arches. 
It  must  be  borne  in  mind,  however,  that  hinges  of  any  sort  soon  become  practically 
oseless  if  they  are  not  properly  attended  to.  Metal  hinges  become  clogged  and 
rusted,  and  those  formed  with  open  joints  become  choked  up  with  d6bris.  The 
three-hinged  or  two-hinged  types  are  undoubtedly  the  best  to  adopt. 


Part   V 

EXPERIMENTAL  RESEARCH  AND  DATA  DEDUCED  THEREFROM 

Before  discussing  the  theoretical  calculations  for  structures  in  reinforced 
concrete,  it  is  well  to  review  the  experimental  researches  which  have  been  carried 
out  on  this  material  and  the  results  which  have  been  obtained  from  them. 

When  properly  combined  with  metal,  concrete  appears  to  gain  properties 
which  do  not  exist  in  the  material  when  by  itself,  and  although  much  has  been 
done  by  the  various  experimenters  in  recent  years  to  increase  our  knowledge 
on  the  subject  of  the  elastic  behaviour  of  reinforced  concrete,  we  may  be  still 
very  far  from  having  a  true  perception  of  the  characteristics  of  the  composite 
material. 

It  may  be  that  we  are  wrong  from  the  commencement  in  attempting  to  treat 
it  after  the  manner  of  structural  ironwork,  and  that  although  the  proper  allowance 
for  the  elastic  properties  of  the  dual  material  is  an  advancement  on  the  empirical 
formulae  at  first  employed,  and  used  by  some  constructors  at  the  present  time, 
yet  we  may  be  entirely  wrong  in  our  method  of  treatment. 

The  molecular  theory,  i.e.  the  prevention  of  molecular  deformation  by  supply- 
ing resistances  of  the  reverse  kind  to  the  stresses  on  small  particles,  may  prove 
to  be  the  true  method  of  treatment  for  a  composite  material  such  as  concrete  and 
metal.  This  theory  is  the  basis  of  the  Cottanjin  construction,  which  certainly 
produces  good  results  and  very  light  structures,  and  M.  Considere's  researches 
on  the  subject  of  hooped  concrete  are  somewhat  on  these  lines. 

Where,  however,  as  is  the  case  in  most  of  the  systen^  at  present  employed, 
comparatively  large  sections  of  metal  are  used  for  the  purpose  of  directly  resisting 
the  stresses,  we  must  treat  the  subject  on  the  usual  lines  and  use  formulae  based 
on  the  direct  elastic  resistances  of  the  materials  and  the  deformations  which  are 
produced  in  its  various  applications. 

Before  we  can  establish  formulae  such  as  these  it  will  be  necessary  to  study 
the  properties  of  the  materials  as  shown  by  carefuUy  conducted  experiments  with 
the  object  of  obtaining  the  necessary  data  on  which  to  base  our  calculations.  We 
must  know — 

1.  The  coefficients  of  elasticity  in  tension  and  compression  of  the  two  materials, 
and  the  effect  of  these  on  the  distribution  of  the  resistance. 

2.  The  stresses  in  tension  and  compression  and  shearing  which  they  will  safely 
bear. 

3.  The  frictional  or  "  adhesive  "  resistance  of  the  metal  and  concrete,  how 
the  stresses  are  transmitted  between  the  two  materials,  and  the  effect  of  this  upon 
the  deformation. 
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4.  The  initial  stresses  set  up  due  to  the  hardening  of  the  concrete  and  perma- 
nent deformations  and  theur  effect  on  the  resistance. 

It  is  fortunate  that  as  far  as  concerns  the  elongation  or  contraction  due  to 
changes  of  temperature,  we  may  consider  both  materials  as  acting  together. 

Professor  William  D.  Pence,  of  Purdue  University,  U.S.A.,  made  a  series  of 
experiments  to  find  the  coeflScient  of  expansion  of  Portland  cement  concrete. 
The  results  of  these  experiments  are  given  in  Table  XXVI. 


TABLE  XXVI 

Proportions  of  Concrete 

No.  of  Tests 

Maximum 

Minimum 

Average 

1:2:4     Broken  stone 
1:2:4     Shingle 

7 
5 

0-0000057 
0-0000056 

0-0000052 
0-0000052 

O-OOOO055 
0-00000535 

The  coeflBcients  of  expansion  of  wrought  iron  may  be  taken  as  0*  0000068, 
and  that  of  steel  0-0000067. 

From  the  above  it  appears  that  for  a  change  of  temperature  of  70*^  Fahr.  (about 
the  maximum  in  England)  the  greatest  diflEerence  of  deformation  for  the  same 
length  of  broken  stone  concrete  and  wrought  iron  would  be  0*  000091  of  their  length, 
and  for  shingle  concrete  and  wrought  iron  the  diflEerence  would  be  0000098. 

Taking  the  highest  of  these  values,  the  diflEerence  of  deformation  of  the  concrete 
and  iron  for  70°  Fahr.  change  of  temperature  would  only  be  0*  11 7  inches  for  a  length 
of  100  feet. 

According  to  M.  Bouniceau,  the  expansion  of  Portland  cement  concrete  for 
1°  Centigrade  is  0*0000143,  and  that  of  iron  is  00000145.  M.  Coignet  gives  for 
l"*  Centigrade  00000130  to  0*0000148  for  the  metal  and  00000135  for  concrete. 


The  Resistance  of  Concrete 

The  resistance  of  concrete  is  very  variable,  as  it  is  influenced  by  many  circum- 
stances and  conditions,  of  which  the  chief  are — 

1.  The  proportion  of  ingredients. 

2.  The  quality  of  ingredients. 

3.  The  amount  of  water  used. 

4.  The  method  and  amount  of  mixing. 

5.  The  amount  of  consolidation  eflEected. 

6.  The  form  of  the  piece. 

7.  The  atmospheric  conditions  while  the  process  of  hardening  is  in  progress. 

8.  The  time  since  moulding. 

9.  The  manner  of  application  of  the  load. 

Beyond  these  conditions,  which  aflEect  the  compressive  and  tensile  strength 
alike,  it  has  also  been  observed  that  the  tensile  strength  is  more  variable  than  the 
compressive  strength,  which  is  probably  due  to  the  bringing  into  play  of  the  "  adhe- 
sion "  between  the  cement  and  the  aggregate. 

For  important  works  special  tests  may  be  made  on  the  concrete  which  wiD 
be  used,  but,  as  a  general  rule,  it  will  be  suflScient  to  use  coefficients  derived  from 
the  results  obtained  by  the  various  experimenters  who  have  made  a  study  of  the 
subject. 
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Resistance  to  Compression 

The  resistance  of  concrete  to  compression  is  usually  deteTmined  by  cruabing 
cubes  of  4,  6,  8  or  12  inch  sides  at  some  stated  a^e.  Tbe  authors'  experience  of 
4-incb  cubes  of  ordinary  mixtures  of  1  :  1^  :  3,  or  1  :  2  :  4  well  rammed  in  iron 
moulds  and  one  month  old  is  that  the  results  varyfrom  2,400to4,400pounds  per 
square  inch,  increasing  about  10  per  cent,  at  three  months  ;  the  strength  of  12- 
inch  cubes  is  rather  less,  say  from  2,200  pounds  upwards. 

The  efieot  of  varying  proportions  on  the  strength  of  concrete  may  be  seen  in 
Table  XVTI,  p^e  138,  and  last  column  of  Table  XVIII,  page  139. 

Cinder  concretes  are  much  wea'ier  than  stone  or  gravel  mixtures  :  1  of  cement 
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to  1  of  Band  and  3  of  cinder  bearing  about  1,200  pounds  per  square  inch  on  4  inch- 
cubes  at  one  month. 

When  compression  is  applied  to  the  unds  of  any  body,  it  is  shortened  in  the 
direction  of  the  compression  and  increased  in  the  direction  at  right  angles  to  the 
pressure.  Figs.  292,  293  and  294  show  the  effect  of  compressing  the  ends  of  small 
solid  cylinders  of  vulcanite,  wrought  iron,  and  cast  iron.  Brittle  materials  such  as 
cast  iron,  stone,  brick  or  concrete  fail,  before  this  swelling  is  so  noticeable  as  in 
more  plastic  bodies,  by  shearing  either  on  diagonal  planes,  as  in  the  cast-iron 
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cylinder  in  Fig.  294,  or  by  oblique  or  longitudinal  splitting  as  in  the  Bath  stone 
cylinder,  Fig.  295.  The  6-inch  stone  cubes  in  Fig.  296  show  the  charac- 
teristic methods  of  failure  of  stone  and  concrete  cubes  ;  failure  takes  place  by  a 
spUtting  ofi  of  the  sides,  a  wedge  being  apparently  driven  in  from  each  end.  Cubes 
show  a  higher  resistance  than  prisms. 

Columns  of  concrete  have  been  made  of  a  rich  mixture  of  cement  and  sand 
which  gave  exceedingly  high  results  (see  Table  XL VI.)  They  fail  in  a  similar  way 
to  the  cylinders  in  Fig.  295  by  oblique  or  longitudinal  cracks  opening  under  high 
pressures.  While  high  resistances  have  been  obtained,  the  results  are  very  unequal, 
in  marked  contrast  to  reinforced  concrete  columns,  in  which  the  results  agree  fairly 
well. 

As  already  mentioned,  prisms  of  stone  or  cement  swell  (though  very  slightly ) 
before  rupture  under  compression,  and  if  it  were  possible  to  prevent  that  swelling 
by  applying  a  lateral  force,  the  material  would  stand  a  much  greater  compres- 
sive stress  before  rupture.  This  has  been  proved  by  experiment  by  M.  Considere, 
who  prepared  a  large  number  of  solid  cylinders  of  cement  of  30  millimetres  ( 1  ^  inch) 
diameter  and  80  millimetres  (3JL  inch)  long.  These  cylinders  were  made  of  cement 
and  sand  in  the  proportions  of  300  kilogrammes,  and  600  kilogrammes  of  Portland 
cement  per  cubic  metre  of  sand  (about  1  of  cement  to  5  of  sand,  and  1  of  cement  to 
2*3  of  sand  respectively).  They  were  tested  (at  the  various  ages  quoted  in  the 
table  below)  immersed  in  water,  which  water  was  under  pressure  varying  from 
nothing  to  150  kilogrammes  per  centimetre  carre  (2,133  lb.  per  square  inch).  They 
were  placed  in  the  box  of  an  hydraulic  press,  filled  with  water,  and  known  pressures 
appUed  to  the  water,  so  that  while  the  cylinders  of  cement  were  under  compression 
on  the  ends,  they  were  also  subjected  to  known  compressions  all  round,  which 
pressures  resisted  the  tendency  of  the  cylinders  to  swell  and  burst  outwards. 
To  make  certain  that  the  pressure  of  the  surrounding  liquid  produced  the  same 
effect  as  if  the  cylinders  had  been  tightly  bound  round  by  some  strong  material, 
they  were  covered  with  a  thin  layer  of  pure  cement  and  another  layer  of  wax  over 
that,  so  that  the  water  could  not  penetrate  into  the  cylinder.  The  average  results 
of  M.  Considere's  many  tests  are  given  in  the  following  table — 

TABLE  XXVII 


Weight  of 
cement  per 
cubic  metre 
of  sand. 


c 

D 
B 
A 


kilogr. 
300 

600 


Age  of  the 

pieces  when 

tested. 


Ultimate  resistance  of  the  cylinders  under  water  pressure  amounting  to 


days. 

46 
126 

34 
126 


Okilo 

20kOos 

kilogr. 

kilogr. 

63-2 

74-3 

2271 

02-2 

— 

170-4 

317-8 

50  kilos 


kilogr. 

370- 1 
460-8 


kilogr. 
6650 
5230 
704-4 
728-6 


160  kilos 


kilogr. 
645-2 
934-7 


PreBSures  and  resistances  in  kilogrammes  per  centimetre  carr^. 


The  figures  put  in  the  form  of  a  diagram  with  English  measures  may  be  more 
readily  understood,  and  this  is  done  in  Fig.  296. 

The  average  results  of  the  four  series  tested  are  indicated  by  the  letters  ABC 
and  D. 

The  diagram  shows  that  cylinders  of  cement  and  sand  in  the  proportion  of  about 
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5  to  1  which  failed  iinder  a  load  of  1,037  lb.  pet  square  inch  at  126  daya,  vhen 
there  vss  no  lateral  pressure  applied,  bore  9,177  lb.  per  square  inch,  when  then 
was  a  lateral  pressure  of  2,133  lb.  per  square  inoh  appUed  by  the  water  all  round— 
I.e.  8' 6  times  a^  much.  Similarly  cyhnders  of  23  of  sand  to  1  of  cemeot  failed 
under  a  load  of  13,294  lb.  per  square  inch,  when  there  was  a  lateral  preseore  of 
2,133  lb.  per  square  inch  appUed  all  round,  or  about  6}  times  as  much  as  the 
load  of  2,424  lb.  per' square  inch  when  under  no  lateral  pressure. 


i      I      !      S 


i      I 
Ut«ra 


I  i  I  I  I  I  I  i    ill 


Resistance   to    Tension 

It  is  generally  admitted  that  the  tensile  resistance  of  concrete  is  frcmi  ^  to 
-j^  that  in  compression. 

Professor  Hatt  allows  as  much  as  300  pounds  per  square  inch  in  tension,  and 
Herr  Sanders  found  in  some  experiments  tensile  resistances  as  high  as  from  310 
to  450  after  one  month  and  400  to  510  after  three  months  for  concrete  in  the  pro- 
portion of  1  of  cement  to  2  of  sand  and  2  of  shingle. 

Resistance  of  Concrete  to  Shearing 

The  resistance  of  concrete  to  shearing  has  been  studied  by  M.  Peret,  Director 
of  the  Laboratory  of  the  Fonts  et  Chaussees  at  Boulogne,  Herr  Bauschinger  and 
M,  Mesager,  Director  of  the  Laboratory  of  the  School  of  the  Fonts  et  Chaussees. 
The  figures  which  have  been  obtained  vary  considerably,  in  consequence  of  the 
difficulty  of  obtaining  rupture  by  shearing  alone. 

M.  Feret  concludes  that  the  ultimate  shearing  resistance  is  proportional  to 
that  for  com]  ression,  and  obtains  the  relation  that  the  shearing  resistance  is  from 
016  to  020  of  the  compressive  strength  ;  this  would  give  us,  taking  2,175  pounds 
per  square  inch  (the  mean  compressive  resistance  at  from  four  to  six  weeks),  a 
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shearing  strength  of  from  360  to  436  pounds  per  square  inch,  and  at  a  period  of 
three  months  from  415  to  520  pounds  per  square  inch. 

In  a  paper  presented  at  the  1901  Budapest  Congress,  M.  Considere  gives  the  value 
of  the  resistance  of  concrete  to  shearing  deduced  from  M.  Mesnager's  ^  experiments 
as  from  20  to  30  per  cent,  higher  than  the  tensile  resistance  ;  this  gives,  taking  the 
tensile  values  as  from  ^^j  to  -^^  the  compressive  resistance,  from  260  to  286 
pounds  per  square  inch  as  the  mean  at  a  period  from  four  to  six  weeks, 
and  310  to  340  pounds  per  square  inch  at  three  months,  which  are  considerably 
below  those  found  by  M.  Feret.  Many  authors  assume  that  the  resistance  of 
concrete  to  shearing  is  less  than  its  resistance  to  tension,  and  consequently  give 
it  a  much  lower  value,  but  this  assumption  appears  to  be  erroneous.  M.  Con- 
sidere quotes  an  experiment  in  which  a  hollow  iron  cylinder  7i  inches  diameter 
was  filled  with  neat  cement  paste,  and  placed  in  a  rock  to  be  acted  on  by  the  force 
of  the  waves;  this  force  bent  the  cylinder  to  a  radius  of  about  21 J  inches.  It  was 
then  sawn  in  two  on  the  plane  of  the  bent  axis  ;  the  cement  showed  only  a  few 
sliding  surfaces,  between  which  uninjured  pieces  were  found  showing  a  deformation 
by  sliding  of  the  fibres  over  one  another  of  at  least  1  in  5.  He  further  remarks  that 
it  is  well  known  that  the  stretching  of  reinforced  concrete  without  breaking  far 
exceeds  what  would  be  supposed,  showing  that  concrete  will  bear  considerable 
shearing  stresses  when  it  is  reinforced. 

From  tests  it  is  shown  that  the  shearing  or  relative  displacement  of  points  in 
the  reinforcement  and  in  the  surrounding  concrete  separated  by  the  small  distance 
of  0'2  to  0'3  inches  is  extremely  small,  so 
long  as  the  stresses  do  not  exceed  certain 
values  which  correspond  with  the  elastic 
limit  of  the  reinforcement.  After  this 
limit  is  passed  they  will  increase  rapidly,  as 
shown  by  diagram  (Fig.  297).  Fiq.  297 

M.  Considere  points  out   further   that 
there  is  a  great  resemblance  between  this  curve  and  that  for  tension,  but  the 
values  for  shearing  are  far  greater  than  those  for  the  tensile  deformation  curve, 
probably  10  to  15  times  as  much. 

The  stresses  per  square  unit  of  contact  surface  which  tend  to  cause  the  relative 
movement  of  a  point  on  the  reinforcement,  the  displacements  of  which  were  taken 
as  the  abscissa  in  Fig.  297,  are  not  at  all  proportional  to  the  loads  imposed  which 
are  represented  by  the  ordinates.  On  the  other  hand,  the  stresses  per  unit  surface 
vary  as  we  consider  the  rings  of  concrete  further  and  further  away  from  the  rein- 
forcement, the  measured  shearing  deformation  being  thus  a  complex  resultant 
of  several  slidings  which  occur  in  the  fibres  submitted  to  the  varying  stresses. 

Professor  Talbot  is  of  the  opinion  that  the  shearing  resistance  of  concrete  is 
from  60  to  75  per  cent,  of  its  resistance  to  compression. 

Elasticity  of  Concrete  under  Compression 

Of  all  the  experiments  made  for  the  study  of  the  deformation  of  concrete 
under  direct  compression,  those  of  Professor  Bach,  of  Stuttgart,  are  perhaps  the 
most  valuable  and  well  known.  Unfortunately  many  of  the  other  authorities  who 
have  carried  out  experiments  on  this  subject  have  taken  no  account  of  the 
permanent  sets  of  the  concrete  under  gradually  increasing  loads. 

*  Directeur  de  TEcole  des  Fonts  et  Chauss^es,  Paris. 
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Fig.  29i> 


The  coe£Eicient  of  elasticity  of  concrete  is  not  a  practically  constant  quantity 
like  that  of  iron  and  steel,  but  has  only  an  instantaneous  value,  which  varies  witli 
the  load  for  the  same  concrete.  Concrete  also  differs  from  the  stnictural  metals 
in  that  it  takes  permanent  sets  under  very  light  loads,  and  if  these  permanent  sete 
are  not  deducted  from  the  total  deformation  under  gradually  increasing  loads,  we 
do  not  get  the  true  elastic  deformation. 

To  obtain  accurate  results  the  load  must  be  appUed  and  removed  until  there 
is  no  permanent  deformation  each  time  an  addition  is  made  to  the  pressure,  note 
being  taken  of  the  permanent  set  after  each  loading,  which  must  be  deducted  from 
the  total  deformation  to  obtain  the  true  elastic  shortening.  The  elastic  behaviour 
of  concrete  during  successive  loadings  and  unloAdings  is  shown  in  Fig.  298. 

When  a  load  is  giadually  applied,  the  shortening  of  the 
piece,  which  is  at  first  small,  increases  more  and  more  rapidly  as 
the  load  increases,  and  the  curve  A,  plotted  with  the  applied 
loads  as  the  ordinates  and  the  shortenings  as  abscissae,  becomes 
less  and  less  concave  as  the  pressure  increases.  On  the  load  le- 
ing  gradually  removed  the  curve  A'  takes  a  convex  form  and 
shows  a  permanent  set  0  0'  on  the  horizontal  axis.  On  again 
applying  the  same  load,  the  curve  of  deformation,  starting  from 
the  new  origin,  is  still  concave,  but  its  extremity  Y'  is  not  very 
much  beyond  its  previous  position  Y.  On  unloading  again  the 
origin  is  slightly  moved  to  0**.  With  several  applications  and 
removals  of  the  same  load  the  origin  is  moved  further  and  further 
to  the  right,  but  the  increases  become  less  and  less  until  there  is  no  permanent 
set.  The  permanent  set  of  concrete  appears  then  to  be  in  a  great  measure  taken  up 
by  the  first  loading,  and  for  subsequent  applications  of  the  same  load  it  acts 
more  and  more  nearly  as  a  perfectly  elastic  material. 

Professor  Bach's  experiments  were  conducted  on  cylinders  9-8  inches  diameter 
and  39-4  inches  high,  of  various  proportions  of  ingredients,  and  at  from  three  to 
four  months  after  moulding.  The  deformations  were  measured  on  a  length  of  29*5 
inches.  The  load  (114  pounds  per  square  inch)  was  applied  and  removed  again  and 
again  until  there  was  no  further  permanent  set,  and  the  total  contraction  remained 
constant  for  three  applications  of  the  load. 

The  experiment  was  then  repeated  in  the  same  manner  with  double  the  former 
load,  and  continued  ;  increasing  the  load  by  114  pounds  per  square  inch,  each  time 
applying  and  removing  the  pressure  as  before.  The  permanent  set,  elastic  defor- 
mation and  total  contraction  were  thus  determined  for  the  various  loads. 

The  results  were  plotted  and  the  curves  obtained  appeared  to  be  divided  into 
three  parts  :  the  first  portion  was  a  concave  curve,  the  second 
and  longestportion  was  nearly  straight,  and  the  third  had  a  sharp 
concave  curve  to  the  point  of  rupture.  These  three  curves 
had  no  abrupt  changes,  but  each  portion  ran  gradually  into 
the  following.  The  curve  of  deformation  thus  found  agrees  very 
closely  with  that  obtained  by  MM.  Souleyre  and  Anglade, 
of  the  Fonts  et  Chaus86es,  from  some  experiments  made  at 
Constantine,  excepting  that  from  their  experiments  the  junctions 
between  the  three  portions  of  the  curve  are  more  marked. 
The   curve  obtained  by  MM.  Souleyre   and   Anglade  is 

shown  in  Fig.  299. 
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It  was  noticed  that  the  three  portions  of  the  curve  followed  closely  the  swelling 
of  the  test  pieces  under  the  load. 

Professor  Bach  deduced  the  following  equation  from  his  experiments — 


\  = 


E. 


P' 


(1), 


which  is  the  equation  for  the  compressive  deformation  curve  of  concrete  for  the 
loads  usually  allowed  in  reinforced  concrete  construction  ; 

X  being  the  elastic  deformation  per  unit  length, 

p  the  pressure  per  unit  surface, 

And  -Bp  and  n  coefficients  which  depend  on  the  quality  of  the  concrete. 

It  will  be  observed  that  this  equation  is  very  different  from  that  employed  for 

structural  metals  based  on  Hooke*slaw,  where  \=ijL^,  where  E  is  constant. 


Equation  (1)  may  be  written  E^,  = 


_  f 


(2). 


'         X 
As  the  value  of  E^  at  any  load  is  that  of  the  tangent  to  the  curve  given  by  equa- 


tion (2) — K  we  differentiate  (2)  we  get 


E, 


_  dp 


E. 


d\        p 


(n-l) 


or  E,  = 


E, 


P 


(n-l) 


(3). 


Table  XXVIII.  gives  the  results  obtained  by  Prof essor  Bach  from  his  experi- 
ments, and  the  deduced  values  for  E^.  The  figures  in  the  last  series  of  column 
must  be  multiplied  by  10*   to  obtain  the  values  for  E^. 


TABLE  XXVIII 


FlroportioziB  of 
In^n^ients 

Value  given  by 

Values  of  ovp  in  Pounds  per  Square  Inch 

in  Test  Pieces 

Professor  Baoh  for 
Formula  Xai—— pa 

114 

228 

342 

456 

570 

684 

798 

912 

1026 

o 

1140 

1 

•§ 
1 

& 

G 

s 

OQ 

§ 

g 

PQ 

1 

« 

43 

c 

B 

Corresponding  values  of  -r^  in  Pounds  per  Square  Inch  from 

Formula  Eo  -  ^ 

s 

6 

OQ 

i 

n 

Pounds  per 
Square  Inch 

I 

100 

4-63  X  10« 

2-94    2-77 

2-67 

2-60 

2-53 

2-50 

2-47 

2-44 

242 

2-39 

1    1-5 

Ml 

6-79  X  10« 

402 

3-73 

3-57 

3-45 

3-36 

3-31 

3-26 

3-20 

316 

313 

1     3 

116 

6-69  X  10» 

3-28 

2-96 

2-79 

2-66 

256 

2-60 

2-44 

2-40 

2-36 

2-32 

1   i4-5 

117 

613xl0« 

2-29 

203 

1-89 

1-80 

1-72 

1-68 

1-63 

1-61 

1-58 

1-55 

1   :2-5| 

5 

114 

616xl0« 

317 

2-87 

2-71 

2-62 

2-52 

2-46 

2-42 

2-37 

2-33 

230 

1 
1 

2-5   6 

116 

9-96  X  10« 

4-66 

417 

3-91 

3-74 

3-59 

3-49 

3-41 

3-35 

3-28 

3-23 

1 

6 

6 

114 

6-79  X  10« 

297 

2-70 

2-54 

2-45 

2-36 

2-32 

2-27 

2-23 

219 

2-20 

1     3 

6 

116 

8-28  X  10« 

3-87 

3-47 

3-26 

311 

2-99 

2-91 

2-83 

2-77 

2-73 

2-68 

1     5 

10 

116 

4-73  xlO« 

2-22 

1-98 

1-85 

1-78 

1-70 

1-66 

1-62 

1-58 

1-67 

1-56 

1 

5 

10 

1-20 

8-90  X  10« 

3-44 

300 

2-76 

2-62 

2*49 

2-40 

2-33 

2-27 

2-22 

2-20 

For  the  same  quality  of  ingredients,  the  coefficient  of  elasticity  increases  with 
the  proportion  of  sand,  attaining  its  maximum  value  when  the  mortar  is  in  the  pro- 
portion of  1  of  cement  to  1 J  of  sand  ;  it  then  diminishes  as  the  proportion  of  sand 
increases,  until  it  again  reaches  its  value  for  neat  cement  with  the  proportions  of 
1  of  cement  to  3  of  sand. 
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The  coefBicient  n  of  Bach's  equation  increases  generally  as  the  proportion  of 
aggregates  increases,  being  1*09  for  neat  cement,  1*11  to  1*17  for  mortars,  and  from 
1*14  to  1*20  for  concrete. 

The  curves  (Fig.  300)  have  been  plotted  for  the  values  of  E^  for  mortars  and 
concretes  of  the  proportions  usually  adopted  in  structures  of  reinforced  concrete. 
These  curves  show  that  as  the  load  increases  the  variation  of  the  coefficient  of 
elasticity  is  greatest  at  first  where  the  decrease  is  considerable  from  E^  when 


/200 


VALUES   OP   E-^IO^ 

c 

Fio.  300 

c  =  114,  to  -Bg,  when  c  =  456,  but  is  becoming  less  and  less  from  this  point  to  that 
when  c  =  1,140  which  is  greatly  in  excess  of  the  highest  loads  ever  allowed  for 
reinforced  concrete  structtires,  the  variation  being  slight,  the  slope  of  the  curves 
being  very  flat. 

Professor  Warren's  Tests 

Professor  Warren,  of  Sydney  University,  N.  S.  Wales,  carried  out  an  extensive 
series  of  experiments  of  plain  and  reinforced  prisms  12  and  24  inches  long  by  6  x  6 
inch  cross-section. 
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The  diagrams  Figs.  301  to  304  show  the  results  of  the  tests  on  plain  prisms, 
a  test  with  the  removal  and  re-application  of  the  load  being  shown  in  Fig.  302. 

The  mean  curve  given  by  the  results  of  the  tests  is  drawn  on  each  diagram, 
together  with  the  tangent  to  the  curve  at  the  load  of  500  pounds  per  square  inch, 
the  safe  resistance  allowed  in  the  authors'  formulae  for  bending,  which  gives  the 
instantaneous  coefiBicient  of  elasticity  at  this  stress. 

These  tangents  give  the  following  coefficients  for  the  first  loading — 


Proportions  of  Mortar  or  Concrete 

Age  Days 

Coefficient 

1  :  2«  1  :  3  and  1  :  4 
1:2:2  and  1  :  2 
1:2:2  and  1:2:3 
1:2:  2—1  :  2  :  3  and  1  :  3 

720  to  729 

239 

192  to  208 

69  to  84 

5  15  Xl0« 

3-50xl0«to2-92xl0* 
2-35  yl0« 
2-20  X  10« 

For  the  second  loading  on  prism  Fig.  302,  we  obtain  3-21  x  10*. 

Diagram  Fig.  305  shows  the  results  and  mean  elastic  curve  for  tests  on  16 
reinforced  concrete  prisms,  and  the  tangent  to  the  curve  at  a  load  of  500  pounds  per 
square  inch  gives  an  instantaneous  coefficient  of  elasticity  of  2*03  x  10^.  The  values 
for  the  resistance  of  the  concrete  were  found  for  each  recorded  deformation  after 
deducting  the  resistance  of  the  steel  rods,  which  (since  the  stress  is  always  below  the 

Deformation 

elastic  hnut)  =  area  of  steel  x  E  ^ — -rr ,  .  ,   ^,  —  -r  . —. v 

'  TiCngth  over  which  the  deformation  was  measured. 

The  curve  so  found  probably  gives  a  closer  approximation  to  the  real  behaviour 
in  a  reinforced  specimen  under  first  loading  than  those  obtained  from  plain  concrete 
prisms. 

Amongst  the  other  experimenters  who  have  studied  this  question  may  be 
mentioned  M.  Considere,  MM.  Coignet  and  de  Tedesco,  M.  Durand  Qaye  and 
Professor  Hatt,  of  Purdue  University,  U.S.A.  A  series  of  experiments  have  also 
been  carried  out  at  the  Watertown  Arsenal,  U.S.A.  Unfortunately,  however, 
most  of  these  authorities  have  neglected  the  deduction  of  the  permanent  set  for 
each  load,  and  consequently  the  results  obtained  are  very  diverse. 

M.  Considdre  found  that  for  a  concrete  in  proportions  of  510  pounds  of  cement 
half  a  cubic  yard  of  sand  and  half  a  cubic  yard  of  fine  shingle  the  coefficient  of 
elasticity  varies  between  2*84  x  10®  and  3*70  x  10®,  but  thinks  it  prudent  to  allow 
2-70  X  10«. 

The  Watertown  Arsenal  tests  were  conducted  on  concrete  made  under  service 
conditions  with  coarse  sand  and  broken  stone  with  the  least  possible  amoimt  of 
water.  The  curve  obtained  for  the  stress  strain  diagram  was  a  continuous  curve, 
and  the  value  of  E^  depending  on  the  portion  considered.  The  load  was  released 
at  regular  intervals  and  the  total  set  observed,  the  value  of  E^  being  obtained 
by  dividing  the  stress  by  the  shortening  obtained,  by  deducting  the  previous  set 
from  the  total  contraction  due  to  the  stress. 

Professor  Hatt,  in  a  paper  read  before  the  Indiana  Engineering  Society,^  gave 
the  following  table  showing  the  results  of  these  tests. 


^  An  extrcMst  of  which  appeared  in  the  Engineering  Record,  May  18,  1902. 
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TABLE   XXIX 


Proportions  of  the 
Concrete 

Age 

£o 

Stress  where 

Measured 

Pounds 

per  Square 

Inch 

Crushing  Stress 

Ponndsper 

Square  Inch 

Cement 

Sand 

Stone 

2 
2 
2 
3 
3 
3 

4 
4 
4 
6 
6 
6 

9  days 
3  months 
6  months 
9  dayB 
3  months 
6  months 

1-66  xlO» 
3-46  X 10* 
4-50  X  10« 
1-95  xlO« 
3-75  xlO« 
2-81  X 108 

1,000 
1,000 
1,000 
1,000 
1,000 
1,000 

1,944 
2,200 
3,500 
2,308 
2,500 
3,500 

These  values  do  not  agree  well  with  those  of  Professor  Bach,  the  discordance 
being  due  to  the  Watertown  Arsenal  tests  making  no  account  of  the  permanent  set. 

In  a  later  paper,  read  before  the  American  Section  of  the  International  Associa-i 
tion  for  Testing  Materials,  Professor  Hatt  gives  the  following  as  the  results  obtained 
from  a  series  of  experiments  on  broken  stone,  gravel,  and  cinder  concrete, 
showing  that  the  values  of  E^  for  gravel  and  cinder  concrete  are  less  than  those 
for  broken  stone  concrete. 

TABLE    XXX 


Proportions  of  the  Concrete 

Age. 
Days 

E. 

Stress  where 

Measured 

Pounds  per  Square 

Inch 

Crushinff  Stress 

Pounds  per 

Square  Inch 

Ce- 
ment 

Sand 

Broken 
Stone 

Gravel 

Cinders 

2 
2 
2 
2 
2 
2 
2 

4 
4 
4 
4 

5 

4 
4 
4 

9 

9 

14 

14 

9 
9 

7 
6 

4-70  xlO« 
3-94  x  10« 
4-34  X  10« 
3-68  X  10« 
5-58  X  10» 
5-53  X  10« 
6-30  X  10» 
209  X  10« 

750 
1,500 

750 
1,500 

I       2,880 

\       2-576 

495 

595 

416 

1,185 

The  test  pieces  were  cylindrical,  8  inches  diameter  and  12  inches  high.  The 
materials  for  the  mortar  were  first  mixed  dry  and  then  again  with  water,  after  which 
the  stones  or  cinders  were  added,  and  the  whole  thoroughly  mixed,  the  consistency 
being  fairly  dry.    For  the  gravel  concrete  the  sand  was  not  screened  out. 

Ratio  between  the  Co-eflicients  of  Elasticity  of  Concrete  in  Compression 

and  those  of  Iron  and  Steel 

This  ratio  of  --/-  =  m  is  the  factor  which  is  employed  in  the  calculations  of 

reinforced  concrete  structures,  and  fortunately  its  value  has  little  effect  on  the 
calculations  within  fairly  wide  limits.  M.  Christophe  shows  that  in  a  piece  under 
direct  compression  with  1  per  cent,  of  reinforcement,  a  variation  of  50  per  cent, 
in  the  valae  of  m  only  alters  the  results  by  3^  per  cent.,  and  increasing  the  per- 
centage of  reinforcement  to  5  per  cent.,  the  results  are  still  only  altered  by  13  per 
cent.    MM.  Boussiron  and  Garric  have  also  demonstrated  that  with  variations 

E 
in  the  value  of  -  '-,  60  per  cent,  above  and  below  10,  the  moments  of  resistance 
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for  a  slab  4  inches  thick  with  1  per  cent,  of  reinforcement  along  the  bottom  only 
vary  16  per  cent,  and  12  per  cent,  respectively. 

The  coefficient  of  elasticity  of  steel  is  the  same  in  compression  and  tension, 
and  has  a  practically  constant  value  if  the  limit  of  elasticity  is  not  exceeded. 

The  value  of  Ef  for  mild  steel  may  be  taken  as  31*4  x  10*  and  that  for  concrete 
as  2*6  X  10*,  giving  a  value  for  m  of  12.  This  value,  however,  cannot  be  used  in 
the  calculations,  since,  when  the  concrete  and  steel  act  together,  a  phenomenon 
occurs  which  must  be  taken  into  account. 

When  a  load  is  applied  and  lemoved  on  a  column  of  concrete  leinforced  with 
longitudinal  bars,  the  concrete  and  the  rods  contract,  and  since  the  concrete  cannot 
regain  its  original  length  by  reason  of  the  permanent  set,  the  rods,  in  consequence 
of  their  contact  with  the  concrete,  are  also  prevented  from  recovering,  as  they 
would  if  they  were  independent.  The  steel  is  therefore  under  initial  compression, 
and  the  reaction  of  the  steel  induces  initial  tensile  stress  in  the  concrete.  A  similar 
effect  is  produced  in  a  beam  when  subjected  to  flexure.  In  consequence  of  thia 
phenomena  we  shall  <Msume  a  value  for  m  of  15  instead  of  the  value  of  12,  which 
would  be  correct  if  the  materials  were  considered  separately.^ 

Elasticity  of  Concrete  under  Tension 

The  elastic  behaviour  of  concrete  under  tensile  stresses  is  more  variable  than 
that  under  compression.  Experiments  on  this  quality  have  been  made  by  M. 
Considere,  MM.  Souleyre  and  Anglade,  Herr  Hartig,  Herren  Grut  and  Neilsen, 
Professor  Hatt,  and  others. 

The  conclusions  of  the  various  experimenters  vary  very  considerably,  however, 
some  holding  that  the  curve  of  elastic  deformation  under  tensile  stresses  is  very 
similar  to  that  for  compression,  and  that  Professor  Bach's  equation  may  be  used 
with  different  values  for  E^  and  n  ;  others  hold  that  the  variation  of  the  coefficient 
of  elasticity  in  tension  may  be  neglected  by  reason  of  its  comparative  smallness, 
and  that  there  is  no  point  which  can  be  taken  as  the  limiting  stress  ;  while  yet 
others  agree  that  for  small  stresses  the  coefficient  of  elasticity  is  praotically  invar- 
iable, but  hold  that  as  the  stress  becomes  greater  there  is  a  period  of  great  incre- 
ments of  elongation,  the  slope  of  the  elastic  curve  becoming  very  flat.  It  is  extremely 
probable  that  since  the  tensile  strength  is  very  variable,  the  deformation  will  be 
variable  also. 

M.  Christophe  points  out  that  M.  Hartig's  experiments  tend  to  show  that  the 
coefficients  of  elasticity  in  compression  and  tension  are  practically  the  same  for 
small  loads,  and  that  for  a  short  distance  on  each  side  of  the  neutral  axis  of  a  beam 
of  concrete  the  coefficients  have  nearly  the  same  value.  This  state  of  affairs  does 
not  appear  to  proceed  very  far,  the  curves  of  deformation  under  the  same  gradu- 
ally increasing  stresses  in  compression  and  tension  will  consequently  commence 
with  a  unifoim  slope,  but  gradually  vary  from  one  another.  This  is  in  all  proba- 
biUty  the  true  state  of  th3  case,  and  many  persons  hold  this  view. 

M.  Considere  in  his  tests  on  reinforced  prisms  under  direct  tension,  described 
before  the  CongresB  of  1900,  found  a  very  similar  behaviour  to  that  already  de- 
scribed for  the  elastic  deformation  of  concrete  under  direct  compression.  Taking 
the  elongations  for  the  abscissae  and  the  stresses  for  the  ordinates,  the  latter  increased 

^  The  positions  of  the  neutral  axis,  as  found  on  the  assumption  of  m=  15,  agree  very  closely 
to  those  found  from  the  most  recent  experiments  of  Professor  Talbot  and  others. 
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rapidly  during  a  period  corresponding  to  an  extension  of  O'l  thousands,  after  which 
they  increased  very  slowly  up  to  an  elongation  which  amounts  in  some  cases  to 
200  thousands. 

In  gradually  taking  oflE  the  load,  after  extending  the  test  up  to  £  (Fig.  306), 
the  curve  B  Col  the  deformation  approaches  a  straight 
line,  except  at  the  two  ends,  the  peimanent  defor- 
mation being  0  G.  In  reloading  until  E,  and  again 
taking  ofiE  the  load,  the  curves  C  D  E  and  E  F  O  are 
obtained;  E  F  O,  like  B  C,  is  nearly  straight  and  inclined 
at  a  less  angle  the  further  the  deformation  is  pushed. 

The  true  value  of  the  instantaneous  coefficient  of 
elasticity,  that  is,  the  angle  of  the  tangent  to  the 
curve  at  any  point,  will  give  us  the  law  of  deformations  of  reinforced  concrete. 
The  instantaneous  coefficient  of  elasticity  for  a  reinforced  piece  having  been  sub- 
mitted to  successive  unloading^  and  reloadings,  has  at  any  one  of  the  operations 
a  nearly  constant  value,  which  is  less  as  the  maximum  deformation  has  been  ex- 
tended further.  The  repetition  of  the  same  stresses  produces  a  decrease  of  the 
coefficient  of  elasticity,  which  decrease  is  great  at  first  but  tends  to  become  nil. 

In  submitting  the  piece  after  the  first  testing  to  a  series  of  loadings  and  un- 
loadings  without  exceeding  the  maximum  reached  during  the  first  test,  the  concrete 
behaves  like  a  new  mateiial  which  posseses  a  coefficient  of  elasticity  less  than  that 
of  untested  concrete,  but  hereafter  invariable,  though  there  is  a  sUght  tendency 
to  diminution  when  the  stresses  are  very  frequently  repeated. 

M.  Consid^re  found  that  the  amount  of  water  used  in  mixing  the  concrete 
had  a  considerable  influence  on  the  coefficient  of  elasticity  of  the  concrete  which, 
with  an  excess  of  water,  may  drop  considerably,  the  resistance  decreasing  at  the 
same  time  but  in  a  less  degree. 

The  insufficiency  of  ramming  appeared  to  reduce  the  coefficient  of  elasticity 
and  the  resistance  in  an  equal  measure.  Herren  Grut  and  Neilsen  ^  found  the 
coefficient  of  elasticity  of  3  to  1  mortar  8  weeks  old  to  be  3*67  x  10*. 

M.  de  Joly,^  in  some  experiments  carried  out  for  Le  Service  fran9ais  des 
phares  et  balises,  found  that  for  mortars  of  1,000  pounds  of  cement  per  cubic  yard 
of  sand,  and  for  concretes  of  840  pounds  of  cement  to  ^  a  cubic  yard  of  sand,  and 
the  same  quantity  of  pea  shingle,  the  coefficient  of  elasticity  in  tension  was 
practically  constant  for  specimens  1  month  old,  being  3*00  x  10^,  and  that  it 
increases  somewhat  with  the  age. 

The  followiog  table  shows  the  results  of  Professor  Hatt's  experiments  on 
1:2:4  broken  stone  concrete. 

TABLE  XXXI 


Ago. 
Dajrs 

Et 

Elongation  at  Rupture, 
1  part  in 

Strength  in  Pounds  per 
Square  Inch 

35 
33 

28 
26 
Average 

2-7  X  \(f 
2-4  X 10* 
l-4xl0» 
1.9xl0» 
2axl0« 

11,660 
8,760 
4,400 
7,700 
7,000 

300 
305 
360 
280 
311 

^  IngenicBren,  Copenhagen,  March  7th,  1896. 

*  Annates  des  Fonts  et  Chaussees,  7th  SMe,  Tome  16,  1808. 
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Safe  Compressive  Stresses  to  be  allowed  in  Calculations 

As  is  the  case  with  all  other  materials,  the  compressive  resistance  of  conciete 
under  flexure  is  always  greater  than  its  resistance  to  direct  compression.  A  veij 
usual  allowance  in  the  old  empirical  formulae  for  concrete  of  the  usual  mixtuies 
under  direct  compression  is  360  pounds  per  square  inch  or  thereabouts,  but  these 
formulae  take  no  account  of  the  elasticity  of  the  materials,  and  the  real  stresses 
may  range  from  this  figure  to  as  much  as  from  700  to  1,000  pounds  per  square  inch. 
The  usual  safe  stresses  allowed  vary  from  360  to  500  pounds  per  square  inch  for 
the  resistance  to  direct  compression,  and  from  400  to  600  pounds  per  squire  inch 
when  the  pieces  are  subjected  to  flexure.  When  tests  are  made  in  moderately- 
rammed  12-inch  cubes  of  the  concrete  which  it  is  intended  to  use,  we  may  assume 
safe  compressive  stresses  of  ^  and  ^  the  ultimate  resistance  for  direct  compression 
and  flexure  respectively.  Tliis  would  give /or  ordinary  mixtures  a  safe  compressive 
resistance  of  400  pounds  per  square  inch  for  the  concrete  when  the  piece  is  aciing 
under  direct  compression  and  is  reinforced  with  longitudinal  bars  tied  together  at 
intervals  too  great  to  prevent  the  swelling  of  the  concrete,  and  a  safe  compressive  re- 
sistance of  500  pounds  per  square  inch  for  the  concrete  in  pieces  subjected  to  fUxure 
and  reinforced  in  the  usual  way. 

It  must  be  remembered  that  these  safe  resistances  only  apply  to  concretes  in 
the  usual  proportions  of  about  1:2:4,  or  thereabouts,  of  which — 

1.  The  Portland  cement  is  of  good  quality,  sound  and  slow  setting. 

2.  The  aggregate  composed  of  carefully  selected  sand  or  crushed  stone,  of 
undoubted  quality,  and  shingle  or  broken  stone  which  has  passed  screens  of  the 
proper  size  (usually  from  i  inch  to  }  inch). 

3.  The  concrete  is  properly  and  carefully  mixed  with  a  moderate  amount  of 
clean  water,  care  being  taken  that  it  is  not  too  dry  or  too  wet. 

4.  The  concrete  is  well  rammed  into  position  in  thin  layeis. 

5.  The  falsework  is  rigid  and  firm,  and  that  the  necessary  work  does  not  cause 
any  vibration. 

6.  All  the  work  is  thoroughly  supervised  and  carefully  done. 

7.  The  structure  is  not  loaded  until  at  least  a  month  after  completion. 

It  cannot  be  too  much  insisted  on  that  if  reinforced  structures  are  to  be  designed 
on  theoretical  lines,  the  greatest  care  must  be  taken  in  the  construction,  and  only 
thoroughly  reUable  men  employed.  The  working  stresses  allow  a  large  margin 
of  safety,  but  if  the  work  is  carelessly  carried  out  or  scamped  in  any  way,  good 
results  cannot  be  expected  and  will  certainly  not  be  obtained. 

The  blame  in  such  a  case  must  rest  entirely  on  the  manner  of  carrying  out  of 
the  work,  and  not  on  the  employment  of  reinforced  concrete  or  the  design  of  the 
structure. 

Splendid  results  have  been  obtained  from  reinforced  concrete  structiu-es  scien- 
tifically designed,  but  it  is  useless  to  design  an  economical  structure  if  the  material^ 
employed  for  the  construction  are  bad,  or  the  work  carelessly  carried  out.  B 
the  work  cannot  be  well  done  it  is  better  to  construct  in  some  material  which  can 
be  properly  treated,  since  the  strength  of  reinforced  concrete,  perhaps  more  than 
any  other  structural  material,  depends  upon  its  proper  manipulation. 

For  weaker  or  stronger  concretes  the  safe  resistance  may  be  varied  according 
to  Table  XVII,  page  138,  and  last  column  of  Table  XVIII,  page  139. 
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For  concretes  of  coke^  breeze,  or  furnace  ashes  the  resistance  may  be  taken  as 
about  \  of  that  for  broken  stone  or  shingle,  and  may  be  even  less. 

In  specially  important  cases  tests  should  be  made  on  the  concrete  that  will  be 
used  in  the  work. 

Safe  Shearing  Resistance  of  Concrete 

According  to  M.  Feret,  the  shearing  resistance  of  concrete  appears  to  be 
from  350  to  435  pounds  per  square  inch.  The  safe  stress  allowed  under  the  Aus- 
trian Railway  rules  is  85  lbs.  per  square  inch ;  under  the  Prussian  Government 
building  rules,  64  lbs. ;  and  under  the  New  York  Building  Rules,  50  lbs. 

Professor  Talbot  veiy  truly  points  out  (p.  258)  that  the  failures  generally 
attributed  to  shearing  are  in  reality  caused  by  a  combination  of  the  diagonal 
tensile  stresses  due  to  shearing  and  to  the  horizontal  tensile  stress  which  exists  in 
the  concrete.  Professor  Talbot  is  also  of  the  opinion  that  the  direct  shearing 
resistance  of  concrete  is  considerably  more  than  is  generally  supposed,  and  is  as 
high  as  from  50  to  75  per  cent,  of  the  compressive  resistance.  It  is  diflScult,  how- 
ever, to  compute  the  exact  amount  of  the  diagonal  tensile  stress,  since  at  any 
section  it  is  dependent  on  the  tensile  stress  developed  in  the  concrete  at  that 
section.  We  may,  however,  enquire  into  the  ability  of  the  concrete  to  resist  these 
stresses,  with  reasonable  accuracy,  by  only  considering  the  shearing  stresses  and  aiUov>- 
ing  a  safe  resistance  for  the  concrete  of  50  pounds  per  square  inch. 

In  calculating  the  resistance  to  diagonal  tensile  stresses  in  a  structure  of 
reinforced  concrete,  most  constructors  do  not  take  any  account  of  the  resist- 
ance of  the  concrete  itself,  but  provide  reinforcement  designed  to  take  up  the 
whole  of  the  shearing  stresses. 

Adherence  or  Frictional  Resistance  to  Sliding  of  the  Reinforcement 

The  property  generally  referred  to  8is  ''  adherence  "  of  the  concrete  to  the 
metal  is  probably  only  slightly  due  to  any  direct  adherence,  imless  the  surface  of 
the  metal  is  pitted,  and  would  perhaps  be  better  defined  8is  a  frictional  resistance 
due  to  the  setting  of  the  concrete,  the  outer  portions  of  which  harden  first,  causing 
the  concrete  around  the  reinforcement  to  become  compressed,  and  so  clasp  the 
reinforcement  tightly. 

There  is  very  little  real  adherence  to  clean  iron,  as  can  be  easily  proved  by  the 
simple  experiment  of  moulding  some  concrete  and  placing  a  piece  of  square  iron  on 
the  top,  Ughtly  pressing  it  to  the  concrete  with  the  fingers.  When  the  concrete 
has  set  it  will  be  found  that  there  is  very  little  difficulty  in  removing  the  iron.  If 
the  piece  of  smooth  square  iron  is  pressed  well  into  the  concrete,  there  will  be  con- 
siderable difficidty  in  its  removal,  but  it  will  be  found  that  this  is  caused  by  the 
holding  of  the  sides  by  the  concrete,  and  that  the  bottom  comes  away  quite 
easily  and  is  perfectly  clean,  the  concrete  being  left  with  a  smooth  bottom  surface. 
Also,  when  a  reinforced  structure  is  being  demolished  the  iron  frequently  comes 
away  fairly  easily  when  the  concrete  is  broken  away  from  it  on  three  sides. 

To  whatever  cause  this  property  is  due,  however,  it  is  one  which  is  of  the 
greatest  importance  in  works  of  reinforced  concrete,  the  resistance  obtained  in 
many  of  the  systems  now  in  use  depending  on  it  almost  entirely. 

Tests  that  have  been  carried  out  for  determining  this  resistance  show  that 
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the  load  which  produces  the  first  loosening  of  the  reinforcement  is  not  proportional 
to  the  surface  of  adherence,  and  it  seems  very  probable  that  the  metal  does  not 
commence  to  slide  through  the  concrete  until  its  limit  of  elasticity  is  passed  and  it 
commences  to  become  reduced  in  diameter. 

MM.  Bauschinger  and  de  Joly,  from  a  series  of  experiments,  concluded  that 
the  "  adherence  "  of  concrete  to  iron  or  steel  rods  was  from  670  to  710  pounds  per 
square  inch  of  surface.  These  results  are  perhaps  those  most  frequently  quoted 
by  the  various  authors.  They  show  the  *'  adherence  "  as  being  due  to  the  contact 
surface,  and  sufficiently  great  to  allow  the  fear  of  a  failure  in  this  respect  being 
neglected  when  making  the  calculations. 

MM.  Coignet  and  de  Tedesco  made  experiments  on  round  rods  of  0*63,  0*79 
and  rSO  inches  diameter  embedded  3*94,  7*87  and  11'81  inches  in  blocks  of  concrete 
mixed  m  the  proportions  of  920  poimds  of  cement  per  cubic  yard  of  sand.  The 
metal  was  allowed  to  project  about  three-quarters  of  an  inch  above  the  block, 
which  had  a  hole  in  its  base  larger  than  the  size  of  the  rod,  so  as  to  cJlow  of  its 
being  pushed  down.  The  tests  were  made  only  six  days  after  moulding,  so  it  may 
be  safely  concluded  that  the  results  are  low.  They  obtained  values  of  from  285 
to  335  pounds  per  square  inch  of  surface,  and  from  the  conditions  of  the  experi- 
ments they  are  of  the  opinion  that  the  higher  value  may  be  taken  as  a  minimum 
under  practical  conditions. 

Some  later  experiments  conducted  by  M.  de  Joly  for  Le  Service  fran9ais  des 
phares  et  balises  ^  tend  to  show  that  the  sliding  of  the  reinforcements  is  due  to 
their  contraction  when  the  limit  of  elasticity  is  passed,  and  they  are  of  the  opinion 
that  the  real  failure  is  probably  due  to  a  shearing  of  the  concrete  itself. 

The  metal  used  for  this  series  of  experiments  was  in  the  form  of  round  iron 
rods  of  two  qualities,  and  of  from  1*18  and  1*42  inches  in  diameter.  These  were 
placed  to  a  depth  of  23*6  inches  in  holes  made  in  stone  blocks  and  grouted  in  with 
neat  Portland  cement  paste.  The  tests  were  made  after  one  month,  during  which 
time  the  blocks  remained  in  air. 

The  force  required  to  draw  out  the  rods  when  referred  to  the  unit  of  smface 
was  very  variable,  and  appeared  to  vary  with  the  diameter  of  the  rods,  being 
respectively  542,  586  and  686  pounds  per  square  inch  of  surface  in  one  series 
of  experiments^  and  286,  442  and  503  in  another.  On,  however,  referring  the  force 
required  to  produce  the  first  movement  to  the  sectional  area  of  the  rods,  the  load 
per  unit  was  found  to  be  sensibly  constant  for  the  same  quaUty  of  meted  and  to 
correspond  closely  with  the  elastic  limit,  being  34,130  and  46,650  pounds  per 
square  inch,  for  metab  having  elastic  limits  of  34,130  and  45,500  respectively. 

M.  de  Joly  further  states  that  generally  a  layer  of  cement  remained  on  the 
rods  after  being  drawn  out,  pointing  to  the  probability  of  the  failure  being  due  to 
the  shearing  of  the  concrete  itself.  This  points  to  the  necessity  of  inquiry  into  the 
tendency  to  shearing  of  the  concrete  around  the  reinforcements.  That  a  failure 
is  more  Hkely  to  occur  from  the  shearing  of  the  concrete  than  the  sliding  of  the 
reinforcement  is  a  fact  which  is  daily  becoming  more  recognized. 

M.  Feret's  experiments  are  most  interesting  as  showing  the  conditions  which 

affect  the  "  adherence  "  of  the  metal  and  concrete.     He  concludes  that  the  form 

of  section  of  the  reinforcement  has  a  great  influence  on  the  ''  adherence  "  by  reason 

•of  the  contraction  and  expansion  of  the  concrete  while  setting,  which  causes  an 

^  Annales  des  Ponta  et  Chaussees,  7th  S^rie,  Tome  16,  1808. 
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initial  tendency  to  disunion,  which  varies  with  the  form  of  reinforcing  section  and 
its  position  in  the  conctete.  M.  Feret's  experiments  were  conducted  on  rods  of  the 
ordinary  types  used  in  practice,  0*79  inches  in  diameter  and  3' 94  inches  long, 
embedded  2|  inches  in  cubes  of  concrete.     He  found  that — 

1.  The  "  €uihesive  "  resistance  varied  at  difiEerent  points  along  the  length  of 

the  rods. 

2.  It  was  greater  with  a  rough  than  with  a  smooth  surface. 

3.  It  increased  with  the  proportion  of  cement  up  to  a  certain  limit. 

4.  It  varied  very  sUghtly  with  the  quality  of  slow-setting  Portland  cement. 

5.  It  increased  somewhat  with  the  fineness  of  grinding. 

6.  It  was  less  with  quick-setting  than  with  slow-setting  Portland  cement. 

7.  It  was  very  variable  for  slag  cements. 

8.  It  increased  for  mortars  with  the  size  of  the  sand  grains  up  to  a  certain  point. 

9.  It  was  less  for  concretes  than  for  mortars. 

10.  It  increased  rapidly  with  the  proportion  of  water  used  in  mixing,  and 

reached  its  maximum  for  a  somewhat  sloppy  concrete  the  consistency  of 
which  was  wetter  than  that  which  gives  the  maximum  resistance  to 
compressed  and  tensile  stresses. 

11.  It  increased  with  the  age  of  the  concrete. 

Professor  Hatt  made  tests  to  determine  the  "  adhesive  '*  resistance  of  concrete 
and  iron.  The  values  he  obtained  are  given  in  Table  XXXII,  and  are  those  for  the 
ultimate  resistance  with  reference  to  the  surface  of  the  rods  nominally  in  contact 
with  the  concrete.     The  tests  were  made  by  drawing  out  the  rods. 


TABLE  XXXII 


IMameter 
of  Rod  in  Inches 

Age  of  Specimen 
in  Days 

Depth  of  Rod 

in  Ck>norete 

Inches 

"  Adhesion  "  in  Pounds  per  Square  Inch  of  Surface 

in  Contact 

Maximum 

Minimum 

Average 

1 

32 
35 

72 
76 

735 

780 

470 
714 

636 
766 

Professor  Hatt  remarks  that  the  shding  friction  after  the  first  movement  was 
from  60  to  70  per  cent,  of  the  "  adhesion."  On  breaking  open  the  concrete  it  was 
found  that  the  contact  between  the  mortar  and  iron  was  not  universal,  and  was 
irregularly  distributed  over  the  surface  of  the  rods. 

M.  Ck)nsid6re  has  also  carried  out  some  experiments  on  this  property  of  rein- 
forced, concrete.  He  found  the  "  adherence  "  to  be  256  pounds  per  square  inch  of 
surface  for  rolled  iron  rods  of  024  inches  diameter,  the  surfaces  of  which  were  the 
same  as  that  of  the  rods  used  in  practice,  and  the  proportions  of  the  concrete  510 
pounds  of  cement  per  half  a  cubic  yard  of  sand  and  half  a  cubic  yard  of  fine  shingle, 
the  specimens  being  stored  in  air.  With  concrete  of  720  pounds  of  cement  to  the 
same  quantity  of  sand  and  shingle  and  with  reinforcements  of  wire  01 7  inches 
diameter,  slightly  rusted,  the  specimen  being  stored  in  water,  the  slipping  resist- 
ance varied  from  327  to  500  pounds  per  square  inch  of  surface. 
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M.  Consid^re  found  that  for  concrete  exposed  to  the  air  the  amount  of  water 
used  in  mixing  had  a  great  influence,  too  dry  concrete  ''  adhering  "  badly.  An 
excess  of  water  giving  the  concrete  the  necessary  fluidity  for  filling  up  the  void 
aroimd  the  reinforcements  produced  the  best  results. 

M.  Considdre,  however,  considers  that  this  advantage  of  wet  concrete  is  counter- 
balanced by  a  notable  diminution  of  tensile  and  compressive  resistance.  He  points 
out  that  the  above  resistances  are  rather  less  than  those  given  by  the  experimente  of 
MM.  Bauschinger  and  de  Joly  (670  to  710  pounds  per  square  inch  of  surface), 
but  that  the  reinforcements  of  pieces  under  bending  are  surrounded  by  concrete 
which  has  to  stand  tensile  stresses  generally  beyond  the  elastic  limit,  whereas  the 
experiments  of  MM.  Bauschinger  and  de  Joly  were  conducted  on  rods  sealed 
in  concrete  blocks,  in  which  the  stresses  besides  those  due  to  the  slipping  of  the 
reinforcements  were  comparatively  unimportant. 

M.  Considdre  further  states  that  it  is  quite  natural  that  the  resistance  against 
slipping  and  shearing  stresses  should  be  more  in  bars  tested  for  these  stresses  alone 
than  in  the  parts  of  reinforced  prisms  of  which  the  concrete  exerts  a  part  of  its 
cohesive  resistance  in  the  elongation  beyond  its  elastic  limit. 

Professor  Marburg  of  the  University  of  Pennsylvania,  made  a  series  of  12 
tests  on  the  resistance  to  pulling  out  of  rods  embedded  in  6  x  6  inch  prisms  of 
1:2:4  concrete  12  inches  long  and  30  days  old.  Three  of  these  tests  were  made 
on  i  inch  plain  square,  i  inch  Thacher,  i  inch  Bansome  and  ^  inch  Johnson  bars 
respectively.  The  results  were  very  good :  the  plain  square  rods  all  pulled  out,  as 
also  did  one  of  the  Ransome  rods.  The  average  stress  per  inch  of  surface  of  the 
plain  rods  was  252  pounds.  In  all  other  cases  the  rod  broke  or  the  concrete  cracked 
before  the  rod  moved. 

Professor  Talbot  of  the  University  of  Illinois  carried  out  32  tests  on  the  resist- 
ance of  bars  to  pulling  out ;  II  of  these  were  Johnson  bars  and  the  rest  plain  round 
and  square  rods.  The  range  of  resistance  of  the  bars  per  square  inch  of  surface 
was  very  great. 


TABLE  XXXIII 


Founds 

per 
square 
inch  of 
surfcM^e 


Plain 


/Maximum 
-j  Minimum 
vAverage 


Johnson 

639 

298 

484 


Remarks. 


All  Plain  rods  pulled  out  in  no  caae  re- 
'  sisting  beyond  the  elastic  limit  of  the  metal. 
The  Johnson  bars  did  not  slip,  but  in  every 
case    the    concrete   split   or    broke   before 
failure. 


Professor  W.  H.  Warren,  of  Sydney  University,  in  a  paper  read  before  the 
Royal  Society  of  New  South  Wales,  September  6,  1905,  gives  the  results  of  some 
tests  on  the  adhesion  of  plain  bars  to  concrete. 

The  prisms  of  concrete  were  12  inches  long,  and  4x4  inch  cross-section 
mixed  1  :  3  and  1:2:  2 — the  stone  being  broken  to  }  inch  gauge.  The  bars  were 
of  Bessemer  steel  f  inch  diameter.     The  results  are  given  in  Table  XXXIV. 
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TABLE  XXXIV 


Description 

Composition 

Ago 
in  days 

Adhesion  in  pounds 
per  square  inch 
of  surface 

Cement 

Sand 

1 

f  Shivers 

Water 
per  cent. 

Bars  with  natural        1 
skin  on                      -; 
Hardened  in  air 

1 
1 

1 
1 

3 
3 
2 
2 

2 
2 

12 
12 
10 
10 

45 
45 
45 
45 

216-5| 

221  O!  mean 
1845.  198 
1700) 

Bars  cleaned  with                  | 

emery  paper             a  '         , 

Hardened  in  air                     ^ 

1 

3 
3 
2 
2 

2 
2 

12-5 
12-5 
10 
10 

45 
45 
44 
44 

1180] 
72-0 'mean 
15401  125 
1550) 

Bars  cleaned  with 

emery  paper 
Hardened  in  water 

■ 

1 

1 
1 
1 
1 

3 
3 
2 
2 

2 
2 

12 
12 
10 
10 

45 
45 
45 
45 

1540 

191-0  [mean 
2040    185 
1910 

From  the  results  of  the  experiments  detailed  above  it  may  be  concluded  that 
the  resistance  against  sliding  of  the  reinforcements  is  least  for  a  metal  with  a 
polished  or  slightly  greasy  surface,  and  greatest  for  one  slightly  rusted.  It  has  been 
found  that  the  protection  of  the  metal  is  better  effected  when  the  original  surface 
is  slightly  rusted  (p.  7).  It  appears,  therefore,  that  taking  all  considerations  into 
account,  it  is  well  to  use  bars  which  are  slightly  rusted,  since  in  this  case  true 
adhesion  comes  into  play  and  the  metal  is  more  efficiently  protected. 

Many  experimenters  have  taken  great  trouble  to  obtain  a  smooth  polished  sur- 
face for  the  metal,  and  some  authors  have  advocated  a  thorough  cleaning  of  the  rein- 
forcements before  embedding  them  in  the  concrete.  This  procedure  is  entirely  the 
reverss  to  the  best  practice,  and  also  will  add  considerable  and  unnecessary  expense 
to  the  work.  With  a  metal  slightly  rusted  there  need  be  no  fear  of  failure  due  to 
want  of  sliding  resistance  until  the  reinforcement  becomes  strained  beyond  its 
elastic  limit,  a  state  of  deformation  which  should  of  course  never  be  approached  in 
practice,  but  any  loose  rust  must  be  scraped  away  or  brushed  off  with  wire  brushes. 

In  tests  on  "adhesion"  it  is  usual  to  pull  or  push  embedded  bars  through 
the  concrete  while  the  piece  is  held  t'ghtly  on  the  ends ;  this  method  does  not 
allow  the  concrete  to  follow  the  bars  as  it  does  when  a  reinforced  concrete  beam 
is  subjected  to  flexure.  The  tests  consequently  give  a  value  for  the  "  adhesive  " 
resistance  which  is  considerably  less  than  that  which  really  exists  in  a  piece  under 
bending. 

With  special  reinforcements  such  as  the  Habrick,  Ransome,  Thacher  and 
Johnson  bars  any  sliding  through  the  concrete  is  absolutely  prevented,  but  they 
offer  no  resistance  to  the  shearing  of  the  concrete  around  the  reinforcement  beyond 
that  due  to  their  greatest  perimeter. 

Safe  Resistances  to  Compression,  Tension  and  Shear  of  the  Metal 

Employed  as  Reinforcement 

I.  Compression. — As  will  be  seen  later  when  discussing  the  calculations,  the 
-compressive  resistances  are  governed  by  the  allowed  resistance  of  the  concrete  under 
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direct  compression ;  and  the  allowances  for  the  resistance  of  the  reinforcement  b 

tension  and  the  concrete  in  compression  when  bending  is  under  consideration. 

For  pieces  under  direct  compression,  therefore,  it  is  economically  advisable,  as 

E 
a  general  rule,  to  use  a  rich  concrete,  since  taking  m  or  -=^as  equal  to  15,  the  direct 

compressive  resistance  of  the  metal  will  be  15  times  that  allowed  for  the  concrete. 

2.  Tension. — ^The  resistance  of  the  metal  in  tension,  in  pieces  subjected 
to  direct  tension  or  bending,  has  a  great  effect  on  the  stability  of  the  piece,  as, 
if  too  high  stresses  are  allowed,  there  is  danger  of  the  concrete  cracking  under 
tensile  strain.  The  reinforcement  will  also  commence  to  slide  through  the  con- 
crete when  its  limit  of  elasticity  is  passed.  It  is  therefore  advisable  to  keep  the 
working  stress  of  the  tensile  reinforcement  well  below  its  elastic  limit.  The  usual 
working  stresses  allowed  are  from  15,000  to  22,000  pounds  per  square  inch  for  steel. 

M.  Christophe  allows  as  the  minimum  and  maximum*  for  ste^l  14,000  to  21,000 
pounds  per  square  inch. 

TaMng  all  matters  into  consideration  we  may  safely  allow — 
For  mild  steel.         .         .     15,000  pounds  per  square  inch. 

Round  rods  of  small  sectional  area  have  without  doubt  greater  resistance  than 
plates,  but  the  extra  strength  is  not  great  except  for  very  small  sections.  Some 
reinforcements,  not  of  the  ordinary  commercial  sections,  have  by  their  special 
treatment  higher  resistances. 

When  a  metal  is  stretched  cold  to  a  stress  beyond  its  elastic  limit  it  acquires: 
new  properties  which  give  higher  values  for  its  elasticity  and  strength,  but  these 
are  lost  on  annealing.  The  final  breaking  of  cold-drawn  metal  is  more  sudden  and 
its  resistance  to  shocks  less  than  for  ordinary  qualities. 

Iron  or  steel  wires  have  greater  relative  resistance,  as  the  diameter  is  smaller. 
There  will  be  an  increase  of  strength  of  50  per  cent,  for  wires  of  No.  10  British 
standard  wire  gauge,  and  the  resistance  will  be  double  that  for  ordinary  iron  when 
the  gauge  is  No.  19.  Small  rolled  sections,  such  as  those  employed  by  MM.  Borde- 
nave  and  Bonna,  also  acquire  greater  resistance  through  rolling. 

In  the  bars  of  the  Ransome  system  the  cold  twisting  strengthens  them  more^ 
or  less  according  to  the  amount  of  twisting.  The  increase  of  their  resistance  per- 
mits a  higher  value  to  be  used  for  their  working  stresses.  Special  tests  should  be 
made  on  sections  for  which  it  is  desired  to  allow  extra  resistances,  as  the  quality 
of  the  metal  has  a  great  influence  on  the  increase  of  strength.  "  Expanded  metal  *' 
is  greatly  strengthened  by  the  treatment  it  undergoes  in  being  expanded. 

In  America  steel  with  a  high  elastic  Umit  is  largely  employed,  and  the  safe 
resistance  is  increased  proportionately.  It  should  be  borne  in  mind,  however, 
that  when  high  elastic  limit  steel  is  employed,  unless  the  concrete  is  also  proportion- 
ately stronger,  an  economy  over  mild  steel  is  only  obtainable  for  very  smaJl 
percentages  of  reinforcement. 

3.  Shearing. — The  safe  shearing  stress  for  the  metal  employed  for  resisting 
shearing  stresses,  such  as  stirrups  or  other  transverse  reinforcements,  may  be  taken 
as  -5  of  the  tensile  resistance  allowed  for  the  metal,  being — 

For  steel   .     .  f  x  15,000  =  12,000  pounds  per  square  inch. 

If  unannealed  wire  is  used  the  working  stresses  may  be  increased,  being  in  the- 
same  proportion  to  the  tensile  stresses. 
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M.  Consid&re's  Tests  on  Concrete  Prisms  under  Bending 

These  experiments  were  carried  out  on  plain  and  reinforced  concrete  prisms, 
having  the  dimensions  shown  in  Fig.  307. 

Hie  concrete  was  made  in  the  proportions  of  683  pounds  of  cement  to  1  cubic 
yard  of  good  quartz  sea-sand,  gauged  with  37  per  cent,  of        l      »^'      • 
water  to  the   weight  of  cement.    The  prisms  were  carefuUj 


mi»*s  o  ir'ouiv 

9         •     -  •- 


r 


made,  well  rammed  and  were  stored  in  water  until  tested,     j 

Some  of  the  reinforced  prisms    contained    three    unannealed    $ 

wires  0*17  inches  diameter  at  a  distance  of  0*27  inches  from     ' 

the  surface,  others  17  unannealed  wires  of  0*075  inches  diameter,   "* " 

and  yet  others  with  one  rolled  iron  rod  of  0*30  inches  diameter. 

The  instruments  for  measuring  the  deformations  were  very  scientific  and  exact. 

The  plain  concrete  prism  broke  after  supporting  for  some  minutes  a  bending 
moment  of  996  inch-pounds,  producing  a  contraction  of  the  outer  fibres  under 
compression  of  0*  131  thousandths  of  the  original  length,  and  an  elongation  of  the 
extreme  fibres  under  tension  of  0*201  thousandths.  At  the  moment  of  rupture 
the  elongation  of  the  surface  under  tension  was  0*266  thousandths. 

The  results  obtained  from  the  prisms  reinforced  with  the  0*17  inch  and  0*075 
inch  wires  were  almost  absolutely  identical,  and  those  for  the  prism  reinforced  with 
the  rolled  iron  rod  0*30  inches  diameter  only  differed  by  rea.son  of  the  smaller  elas- 
ticity of  rolled  iron  and  the  greater  distance  of  the  rod  from  the  surface  of  the 
prism,  rendered  necessary  in  consequence  of  its  greater  diameter. 

The  results  obtained  from  the  prism  reinforced  with  the  three  wires  of  0*17 
inches  diameter  were  as  follows — 

It  bore  a  bending  moment  of  6,815  inch-pounds  without  producing  rupture, 
the  elongation  of  the  outer  fibres  in  tension,  without  cracking,  being  1*98  thou- 
sandths of  the  original  length,  being  nearly  20  times  as  great  as  that  of  similar  plain 
mortars  in  direct  tension,  which  only  elongate  0*10  thousandths  without  breaking, 
or  about  8  times  that  imder  bending  as  shown  by  the  elongation  of  0*226  thou- 
sandths for  the  plain  prism. 

Special  tests  made  on  plain  concrete  under  direct  tension  showed  that  the 
concrete  broke  after  an  elongation  of  about  0*10  thousandths.  (M.  Considere  and 
others  have  made  many  experiments  on  this  difference  between  the  results  obtained 
for  the  elongation  under  direct  tension  and  under  bending,  and  it  has  been  found 
that  the  elongation  under  bending  is,  at  a  mean,  about  2J  times  as  great  as  that 
under  simple  tension.) 

The  prism  was  subsequently  unloaded  and  reloaded  139,062  times,  the  bend- 
ing moment  varying  from  2,996  to  4,815  inch-pounds, or  from  44  to  71  percent. of 
the  maximum.  These  loadings  caused  a  permanent  elongation  of  from  0*545  to 
1*27  thousandths.  After  these  tests  the  surface  of  the  prism  at  the  most  stretched 
portion  was  intact  except  for  two  very  small  cracks  of  008  and  0*16  inches  long. 

Pieces  of  the  prism  having  a  section  of  0*60  x  047  inches,  and  length  of  from 
3*  15  to  7*87  inches,  were  then  sawn  out  at  the  bottom,  in  the  part  where  the  elonga- 
tion was  most,  and  the  fact  that  these  could  be  handled  showed  that  the  concrete 
was  not  broken.  These  small  pieces  were  tested  by  bending,  and  were  found  to 
still  possess  considerable  resistance,  in  fact  very  nearly  as  much  as  if  they  had  not 
been  tested  before  and  cut  away  from  the  reinforcements.  M.  Considere  calculated 
the  stresses  supported  by  the  concrete  of  the  reinforced  prism  by  considering  that 
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the  total  resistance  is  equal  to  the  sum  of  the  partial  resistances  of  the  reinforce- 
ment and  the  concrete,  and  admitting  the  hypothesis  of  the  conservation  of  plain 
sections,  i.e.  that  the  cross-sections  of  a  beam  remain  plain  surfaces  during  bending. 
The  coefficient  of  elasticity  for  the  metal  in  tension  was  found  by  testing  identi<»l 
wires  in  simple  tension. 

The  extension  of  the  reinforcement  was  calculated  from  the  extension  and 
contraction  of  the  outer  fibres  of  the  concrete  on  the  two  opposite  faces. 

According  to  Hooke's  law,  if  p  is  the  stress  per  square  inch,  e  the  total  elonga- 
tion of  the  reinforcement,  I  its  original  length,  and  E^  the  coefficient  of  elasticity 
of  the  metal — 


Ef€ 


[11 


X ,L.    — 


Fio.  308 


The  position  of  the  neutral  axis  was  obtained  from  the  elongation  and  contraction 
of  the  outer  fibres  (Fig.  308). 

The  resisting  moment  of  the  reinforcement  being  the  stress  p  derived  from 

equation  (1),  multiplied  by  the  area  of  the  reinforcement  and  by 
the  lever  arm  between  the  axis  of  the  reinforcement,  and  the 
centre  of  action  of  the  compressive  resistance  of  the  concrete  in  the 
upper  portion  of  the  prism  (a  portion  of  which  will  form  a  couple 
with  the  stress  in  the  reinforcement),  the  distance  of  this  centre  of 
action  from  the  neutral  axis  M.  Considdre  takes  as  f  the  distance 
from  the  upper  surface  to  the  neutral  axis.  The  resistance  due 
to  the  concrete  in  tension  was  obtained  by  deducting  the  resisting  moment  of  the 
reinforcement,  and  portion  of  the  concrete  in  compression,  found  as  above,  from 
the  total  bending  moment  of  the  prism.  This  gave  the  resisting  moment  of  the 
concrete  in  tension,  which  forms  a  further  couple  with  a  portion  of  the  compres- 
sive resistance  of  the  concrete.  The  lever  arm  of  the  couple  in  this  case  being  \ 
the  depth  of  the  prism,  from  this  the  coefficient  of  elasticity  of  the  concrete  in 
tension  was  calculated. 

M.  Considere  gives  a  table  of  the  results  obtained,  which  has  been  left  in  metric 
units,  as  it  is  only  employed  for  comparative  pmrposes. 

TABLE  XXXV 


Elongation 
per  Metre 

1 

Uo- 

Distance  of  the 

Tensile  Stress  in 

Mo- 

mcnts 

Bending 
Momenta 

Neutral  Axis 
from  the  Surface 

Value  of  ^  for 

the  Iron 

Lever 
Arm  of 

ments 
Pro- 

Pro- 

i 

duced 

Sup. 

Mea- 
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for  the 

Calcu- 
lated 
for  the 

Tron 

the  Iron 

this 
Tension 

duced 

by  the 

Iron 

by  the 

ported 

by  the 

Prism 

Per 

Con- 

creti?  in 

Com- 

Stretch- 

Con- 

Square 
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Teiuaon 

1 

pressed 
2 
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3 
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4 

6 

6 

m.m. 
7 

8 

9 

1 
10 

11 
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m. 

ken-*. 
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0-67           28 
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11-48 
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32-3 
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323 

0-186 

01 45 

2-17  xl0» 

3-16 

134 

00450 

603 

13-85 

30-38 

27-4 

33-6 

0-424 

0-337 

215xl0» 

7-35 

309 

00450 

13-90 

16-48 

40-88 

25-6 

35-1 

0-775 

0-620 

2-11  xl0» 

13-10 

558 

00445 

24-83 

16-05 

49-28 

25-3 

35-7 

1-050 

0-840 

2-10x109 

17-60 

750 

0-0442 

3315 

1613 

63-98 

24-4 

36-7 

1-520 

1-280 

206  X  10» 

25-34 

1,079 

0044 

47-48 

16-50 

78-68 

24-4 

36-6 

1-980 

1-600 

2  00  X 10» 

3200 

1,363 

0044 

69-97 

18-71 
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It  will  be  noticed  that  the  fourth  and  last  figures  in  column  11  are  excessive  ; 
gixQilar  results  appeared  in  other  tests  of  a  like  nature,  and  M.  Considere  formed  the 
opinion  that  they  must  be  due  to  a  slight  longitudinal  slipping  of  the  reinforce- 
ments. 

Neglecting  these  irregularities,  which  are  of  small  importance,  it  will  be  seen 
that  the  resisting  moment,  produced  by  the  concrete  in  tension,  at  first  increases 
rapidly  and  regularly,  then  more  and  more  slowly  to  the  value  of  16  kilogram- 
metres,  after  which  it  remains  practically  constant  until  the  extended  face  of  the 
concrete  attains  an  elongation  of  1*98  thousandths. 

The  figures  in  colimm  11,  and  the  fact  that  the  tension  surface  of  the  prism 
remained  practically  intact,  show  that  reinforced  concrete  mil  hear  very  much  greater 
eUmgcUion  than  has  been  thotighi  vnthotU  cracking,  and  under  these  elongationa  will  still 
retain  its  maximum  resistance.  M.  Considere  considers  this  phenomenon  as  similar 
to  that  noticed  in  metals,  and  points  out  that  when  a  rod  of  mild  steel  is  tested  in 
tension  the  elongation  ia  at  first  uniform,  and  increases  up  to  about  18  to  22  per  cent.» 
then  the  rod  becomes  more  and  more  reduced  in  area  at  one  place,  where  the  rup- 
ture will  take  place  after  a  local  elongation  of  200  to  300  per  cent.  The  rupture 
occurs  at  the  moment  of  deformation  when  the  augmentation  of  the  resistance 
per  unit  of  area  due  to  the  local  elongation  is  insufBcient  to  compensate  for  the 
contraction  of  the  sectional  area. 

In  bars  of  steel  subjected  to  flexure,  this  contraction  is  not  produced,  since  the 
swelling  of  the  compression  fibres  compensates  for  the  drawing  out  of  those  under 
tension,  and  also  because  the  fibres  under  tension  do  not  all  arrive  at  once  at  the 
critical  elongation. 

The  test  of  the  reinforced  prism  shows  further  that  although  the  elongation 
of  concrete  under  bending  is  more  than  its  elongation  under  direct  tension,  it  still 
falls  far  short  of  that  when  the  concrete  acts  together  with  the  metal  of  the 
reinforcement. 

It  therefore  appears  that  under  bending  the  aid  given  by  the  less  stretched 
fibres  and  those  which  are  compressed  does  not  suffice  to  bring  into  play  the  whole 
ductility  of  the  concrete,  which  however  shows  itself  when  it  acts  with  a  metal  the 
limit  of  elasticity  of  which  considerably  surpasses  that  of  the  concrete,  and  which 
comes  to  the  aid  of  the  weak  sections,  preventing  their  premature  deformation, 
and  allowing  all  the  sections  to  take  the  maximum  elongation  of  which  the  material 
is  capable. 

Some  later  experiments  made  in  the  autunm  of  1903  for  the  French  Commission 
on  reinforced  concrete  imder  the  direction  of  M.  Mesnager  on  reinforced  prisms 

1*35 

under  direct  tension,  showed  an  elongation  of  the  concrete  of  before  failure, 

^  1000 

and  that  after  the  maximum  resistance  of  the  concrete  had  been  reached  it  remained 
constant  until  rupture  took  place.  These  experiments  confirm  M.  Considere's 
conclusions ;  but  when  remarking  on  them  M.  Considere  points  out  that  owing  to  the 
danger  of  the  formation  of  initial  cracks  or  other  imperfections,  the  tensile  resist- 
ance of  the  concrete  must  be  neglected  in  practical  work.  He  insists,  however,  on 
the  necessity  of  taking  it  into  accoimt  when  calculating  the  deformations. 

M.  Considere  constructs  his  stress-strain  curve  from  the  particulars  given  in 
Table  XXXV,  from  which  the  molecular  properties  of  the  concrete  can  be  obtained, 
i.e.  the  coefficient  of  elasticity  and  the  stress  in  tension  and  compression,  when  the 
concrete  suffers  successive  deformations. 
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In  this  curve  the  elongations  and  contractions  are  positive  or  negative,  and 
plotted  as  abscissae,  and  the  tensile  and  compressive  stresses  are  the  positive  and 
negative  ordinates.  The  coefficient  of  elasticity  for  small  stresses,  which  may  be 
supposed  to  be  the  same  for  compression  and  tension,  gives  the  inclination  to  the  x 
axis,  of  the  tangent  at  the  origin  oi  the  curves.  The  stress-strain  curve  obtained 
takes  the  form  shown  in  Fig.  309.  The  curve  on  the  tension  side  commences  with 
a  curve  from  0  to  3f,  and  terminates  with  a  straight  line  M,  N  paraUel  to  the  axis 
X.  The  curve  for  the  reinforcements  would  of  course  be  a  straight  line  as  long  as 
the  limit  of  elasticity  was  not  exceeded. 

From  the  curves  (Fig.  309)  the  stress  at  any  point  in  the  depth  of  a  beam  can 

be  determined.  The  first  portion  of  the 
curve  for  tensions  gives  information 
about  the  coefficient  of  elasticity  of  the 
concrete,  but  when  the  curve  changes 
its  direction  it  is  an  indication  that  the 
concrete  has  attained  its  "  elastic  limit," 
and  the  corresponding  abscissa  gives  the 
stress  at  this  point.  Finally,  the  curye 
is  parallel  to  that  which  would  be  ob- 
tained if  the  concrete  offered  no  tensile 
resistance,  and  the  distance  between  the 
curve  and  the  parallel  line  through  the 
origin  is  proportional  to  the  resisting 
stress  of  the  concrete. 

M.  Considdre  obtains  the  following 
figures  by  aUowing  the  coefficients,  for 
the  concrete,  which  he  considers  prudent 


Fio.  309 


to  take  for  the  purposes  of  design,  i.e. — 

Coefficient  of  elasticity,  2*70  x  10*. 

Maximum  tensUe  resistance,  170  pounds  per  square  inch. 

Maximum  compressive  resistance,  2,130  pounds  per  square  inch. 


TABLE  XXXVI 


Elongations  and  Contraotions 

Maximum  Tensile  Stress 

Maximum  Compressive  Stress 

in  Thouaandths 

• 

Pounds  per  Square  Inch 

Pounds  per  Square  Inch 

004 

107 

107 

010 

150 

25G 

0-25 

170 

609 

0-50 

170 

024 

100 

170 

l,4t)3 

1-50 

170 

2,130 

M.  Consid^re's  Further  Experiments 

Certain  authorities,  amongst  which  were  Professor  Hatt,  Herr  Von  Emperger 
and  Herr  Sanders,  accepted  M.  Considere's  conclusions  that  the  concrete  in  tension 
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irill  still  act  with  its  maximum  resistance  after  the  ''  limit  of  elasticity  is  passed," 
ivhile  others,  including  M,  Christophe,  Professor  Talbot  and  Professor  Tumeaure, 
have  carried  out  experiments  from  which  they  have  deduced  conclusions  antagonis- 
tic to  those  of  M.  Considdre  (pp.  257  and  266). 

In  order  that  no  doubt  might  remain  on  this  subject,  M.  Considdre  had  a  further 
«et  of  experiments  carried  out — 

Two  beams  (9*84  feet  long,  and  of  the  section  shown  in  Fig.  310)  were  made 
on  May  27  and  28,  1904,  at  the  school  of  the   Ponts  et  Chauss^es,  by  workmen 
employed  by  M.  Grouselle,  a  contractor  making  a  speciality 
of  reinforced  concrete.      No  special  precautions  were  taken, 
the  beams  being  made  exactly  as  they  would  have  been  in         j 
actual  practice.  • 

The  mixture  of  the  concrete  was  880  pounds  of  Port-         ; 
land  cement  to  14  cubic  feet  of  sand  and  28  cubic  feet  of         i 
calcareous  shingle,  9*6  per  cent,  of  water  to   the  weight  of  I77^. 
the  dry  materials  being  used  in  mixing.     The  two  outer  07a^ 
rods  were  0*63  inches  diameter  and  the  three  inner  ones  0*47  Fio.  3io 

inches  diameter. 

One  of  the  beams  was  kept  in  air  covered  with  bags  and  planks  which  were 
frequently  wetted  during  the  first  month  and  every  other  day  during  the  subsequent 
period  of  storage. 

The  other  beam  was  immersed  in  water  after  one  day's  hardening  in  air. 

The  experiments  were  carried  out  on  November  21  and  December  22,  1904, 
under  the  direction  of  M.  Mesnager  and  M.  Mercier. 

The  beams  were  supported  r97  inches  from  their  ends  and  subjected  to  hydrau- 
lic pressure  at  two  points  2*296  feet  on  each  side  of  the  centre,  so  that  the  bending 
moment  was  the  same,  and  the  shearing  stresses  nil  on  a  length  of  2*59  feet  at  the 
•centre  of  the  beams. 

The  elongation  and  contractions  were  carefully  measured  with  proper  instru- 
ments on  lengths  of  1*02  and  0*60  metres  respectively. 

The  loading  was  stopped  when  the  elongation  of  the  extreme  fibres  was  0*626 
millimetres  (0*63  thousandths)  for  the  first  beam,  and  0*63  milUmetres  (1*27  thou- 
sandths) for  the  second. 

On  examination  through  a  microscope  no  fissures  could  be  detected,  although 
A  thin  coating  of  neat  cement  had  been  applied  to  the  tensile  surface. 

The  concrete  up  to  line  A  together  with  the  rods  was  now  carefully  removed 
from  both  beams  and  the  sHce  AB  was  sawn  off  along  line  B. 

By  plotting  the  deformations  and  on  the  assumption  of  a  straight  line  stress- 
strain  curve,  it  was  found  that  these  slices  had  been  subjected  to  extensions  between 
0*  22  thousandths  and  0*  60  thousandths  in  the  case  of  the  first,  and  between  0*  66  thou- 
sandths and  1*07  thousandths  in  the  case  of  the  second ;  while  it  is  well  known  that 
<joncrete  without  reinforcement  will  break  when  the  elongation  exceeds  from  010 
to  0*20  thousandths.  These  slices,  when  the  rods  had  been  removed,  should  have 
fallen  to  pieces  directly  the  saw  separated  them  from  the  less  stretched  fibres,  if 
reinforced  concrete  can  only  elongate,  without  cracking,  the  same  amount  as  plain 
concrete.     The  concrete,  however,  bore  handling  and  showed  no  cracks. 

As  a  further  precaution  the  pieces  BA  of  the  two  beams  were  tested  under 
flexure  against  the  pieces  BC.  Table  XXXVII  gives  the  several  resistances  calcu- 
lated by  the  usual  formula  employed  for  elastic  beams* 
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TABLE  XXXVII 

Beam 

Part  Tested 

Position  in  testing 
Machine 

Tensile  Resistance 
Pounds  per  Square  Inch 

No.  1 

No.  2 

SUce  AB 

Slice  BC 
Slice  AB 
SUce  BC 

As  in  the  figuro 
Upside  down 

»»          »f 
As  in  the  figure 

Upside  down 

465-8 
384-8  and  465-6 
512-6 
315-2 
410-4 

It  must  be  remembered  also  when  comparing  the  above  figures  that  the  faces 
of  the  slice  AB  were  likely  to  have  been  damaged  by  the  removal  of  the  rods  and 
the  sawing  of  the  concrete,  and  that  any  cracks  would  have  been  accentuated, 
causing  more  rapid  failure  when  subjected  to  flexure. 

The  portions  BC  were  also  tested  45  and  31  days  respectively  after  the  portions 
AB,  and  the  concrete  would  probably  increase  in  strength  during  that  period,  especi- 
ally in  the  case  of  beam  No.  2,  which  was  taken  out  of  water  for  testing  and  remained 
in  the  air  after  its  removal. 

M.  Considere  concludes,  therefore,  that  his  previous  contention  is  amply  veri- 
fied, but  adds  that  it  is  none  the  less  certain  that  reinforced  concrete  structures 
as  usually  erected  frequently  show  cracks. 

He  considers  that  this  cracking  is  accounted  for  in  the  following  manner.  When 
concrete  \a  exposed  to  dry  air  after  its  moulding,  it  is  subjected  to  considerable 
contraction  during  the  first  few  days,  while  its  powers  of  resistance  are  small. 
This  contraction  is  resisted  by  the  reinforcements,  but  the  conorete  has  not 
attained  sufficient  resistance  to  induce  the  contraction  in  the  reinforcement,  nor 
has  it  sufficient  ductility  to  adapt  itself  to  the  induced  stress  from  the  reinforce- 
ment. 

Cracks  are  consequently  produced,  invisible  at  first,  but  which  lengthen  and 
open  when  a  load  is  applied. 

On  the  other  hand,  if  the  concrete  is  kept  moist  for  a  sufficient  period  it  do^ 
not  contract  and  consequently  there  is  no  tendency  for  the  production  of  cracks  until 
it  has  attained  sufficient  strength  and  ductility.  The  concrete  will  tend  to  contract 
directly  it  is  allowed  to  dry,  but,  by  that  time  it  has  attained  sufficient  strength  to 
withstand  considerable  elongation,  and  it  will  not  crack  in  spite  of  the  reaction  of 
the  reinforcements. 

M.  Considere  concludes  by  stating  that  the  possibility  of  cracks  forces  us  to 
neglect  the  resistance  of  concrete  in  tension,  but  that  it  is  nevertheless  necessary  to 
know  the  laws  which  regulate  the  non-elastic  deformations  of  reinforced  concrete. 
He  is  of  the  opinion  that  without  such  knowledge  we  cannot  determine  the  deforma- 
tions of  reinforced  structures,  the  distribution  of  the  stresses  in  cases  where  they 
are  dependent  on  the  deformations,  or  the  position  of  the  neutral  axis  in  pieces 
under  flexure,  and  from  this  the  pressures  developed  in  the  compressed  fibres. 

M.  Christophe's  Experiments  on  Reinforced  Pieces  under  Bending 

M.  Christophe,  in  his  book  Le  Belon  Arme,  describes  a  series  of  experiments 
which  he  conducted  carefully  on  three  sheet  piles  of  the  Hennebique  system  imder 
bending.  The  piles  were  1575  x  6'91  inches  by  18  feet  long,  with  a  semicircular 
recess  at  either  edge  2*75  inches  diameter.  The  reinforcement  consisted  of  three 
rods  i  inch  diameter,  4*  57  inches  apart  along  each  of  the  wider  sides,  with  upright 
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and  transverse  cross-pieces  formed  of  annealed  wire  0'157  inches  diameter,  the  sets 
being  9*84  inches  apart ;  the  area  of  the  reinforcing  rods  being  0*7  per  cent,  of  the 
area  of  the  concrete. 

The  proportions  of  the  concrete  were  661  poimds  of  cement  to  0-57  cubic  yards 
of  sand  and  1*14  cubic  yards  of  shingle  and  broken  stone,  or  about  1  :  2^  :  5. 

The  piles  were  2  J  months  old  when  tested,  and  were  freely  supported,  lying  on 
their  wider  sides  with  a  span  of  13-12  feet.  The  load  was  applied  by  bags  of  sand 
of  1 10  pounds  weight  distributed  over  half  the  span. 

The  first  pile  broke  under  a  distributed  load  of  4,872  pounds,  including  the 
weight  of  the  pile  itself,  and  220  pounds  concentrated  at  the  centre.  The  other  two 
failed  under  a  distributed  load  of  4,872  pounds.  The  bending  moment  was  there- 
fore 95,857  inch-pounds,  which  gives  as  the  value  for  /x  (unit  coefficient  of  lesistance 

or  — — -  1  =  222.   The  pile  was  considered  as  being  truly  rectangular.    The  first  cracks 

in  the  pile  first  tested  were  observed  on  the  tension  surface  under  a  uniformly 
distributed  load  of  2,530  pounds,  not  including  the  weight  of  the  pile  itself,  but 
they  closed  on  the  removal  of  the  load. 

The  two  other  piles  showed  very  small  and  hardly  perceptible  cracks  under  a 
distributed  load  of  1,320  poimds,  but  these  did  not  assume  any  importance  until 
the  distributed  load  was  2,530  pounds,  and  a  further  load  near  each  support  of 
330  poimds  had  been  applied.  The  weight  of  the  pile  itself,  amounting  to  1,234 
pounds,  has  not  been  added  to  any  of  these  loads. 

The  measured  local  deformations  were  very  regular  for  the  first  pile,  and  very 
irregular  for  the  other  two.  It  was  apparent  that  these  last  suffered  from  some 
fault  in  construction,  although  their  final  resistance  was  not  much  inferior  to  that 
of  the  first. 

M.  Christophe  draws  the  conclusion  that  the  reinforcements  compensated  for 
the  non-homogenic  nature  of  the  concrete,  giving  to  the  pieces  of  reinforced 
concrete  a  fairly  regular  resistance. 

It  will  be  noticed  that  this  is  very  much  the  same  conclusion  as  that  arrived 
at  by  M.  Considere. 

M.  Christophe  points  out  that  these  experiments,  in  which  the  local  deforma- 
tions were  very  carefully  measured,  show  that  the  solidity  in  reinforced  concrete 
prevents  premature  rupture  ;  at  one  section  the  concrete  may  offer  its  full  resist- 
ance and  the  reinforcement  be  very  sUghtly  stressed,  while  in  another  the  conciete 
may  become  cracked,  but  the  rods  take  up  the  stresses  and  pass  them  over  the 
crack.  He  selects  the  results  given  by  the  test  of  the  first  pile  for  the  section  at  the 
centre  of  the  span,  to  verify  the  principle  demonstrated  by  M.  Considere,  that  the 
concrete  in  tension,  after  passing  its  "  elastic  Umit,"  still  retains  its  maximum 
resistance. 

The  deformatioris  were  only  measured  by  two  instruments  4*09  inches  apart 
on  a  vertical  line,  and  consequently  do  not  suffice  to  study  the  action  of  the 
interior  forces,  if  the  hjrpothesis  of  the  conservation  of  plane  sec- 
tions during  bending  is  not  allowed.  M.  Christophe  therefore 
assumes  that  this  hjrpothesis  is  true,  so  that  the  line  A  B  takes 
the  position  A'  R  after  deformation  (Fig.  311).  On  this  assump- 
tion the  contraction  of  the  upper  reinforcement  is  proportional  to 
the  length  C  C\  and  the  extension  of  the  lower  reinforcement 
to  the  length  D  U.  Fio.  3il 
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The  two  points  E  and  F  at  which  the  deformation  was  measured  taking  up 
the  positions  E'  and  F' ;  with  a  uniformly  distributed  load  of  1,320  pounds  the 
mean  deformations  measured  were — 

E  E'  =  —  0*04  thousandths  of  the  original  length, 
F  f  =  +  0*24  thousandths  of  the  original  length, 

from  which  the  position  of  the  neutral  axis  is  obtained,  the  distance  E  F  being 
4'09  inches. 

The  maximum  deformations  of  the  concrete  were — 

Compression  A  A'  =^  —  0*10  thousandths. 
Tension  BR  =  +  030  thousandths. 

The  deformations  of  the  rods  were  calculated  as — 

Contraction  of  top  rods.      ,      •     =  006  thousandths. 
Elongation  of  bottom  rods       .      =  0'26  thousandths. 

M.  Christophe  assumes  the  coefficient  of  elasticity  of  iron  as  28*44  x  lO*,  and 
from  the  above  figures  deduces  from  Hooke's  law  that  the  bottom  rods  offered  a 
resistance  of  28*44  x  10*  x  0*00026,  or  7,394  pounds  per  square  inch,  or  a  total 
stress  of  4,676  pounds  for  the  three  rods. 

The  resistance  of  the  top  rods  was  1,706  pounds  per  square  inch,  or  a  total 
resistance  of  1,056  pounds  for  the  three  rods.  When  taking  moments  of  the  internal 
forces  acting  at  their  respective  centres  of  application,  the  exact  point  for  the  con- 
crete is  not  known,  as  this  depends  on  the  law  of  distribution  of  the  forces,  or  the 
stress-strain  curve,  on  which  subject  there  is  some  difference  of  opinion,  some 
authors  thinking  that  it  is  of  a  parabolic  form,  and  others  assuming  it  to  be 
rectilinear. 

M.  Christophe  is  of  the  opinion  that  the  centre  of  application  cannot  vary  much, 
and  that  the  straight  line  stress-strain  curve  will  approximate  very  closely  to  the 
truth.  He  therefore  takes  the  point  of  application  for  the  compressive  resistance 
of  concrete  as  at  a  height  oi^O  A,  and  supposes  the  coefficient  of  elasticity  to  remain 
constant  for  the  variation  of  stress  on  the  height  of  the  section  ;  he  also  neglects 
the  recesses  in  the  concrete,  and  considers  the  section  as  rectangular,  which  is  very 
nearly  the  case.  The  moments  are  taken  about  the  centre  of  action  of  the 
stresses  in  the  concrete  under  compression. 

They  are  therefore  as  below — 

For  the  lower   rods  4*576  x  4*74  =  +  21,690  inch-pounds. 

For  the  upper  rods,  1066  x  0*17  =  —        179  inch-pounds. 

Total  moment  of  resistance  of  the  reinforcements    =   21,511  inch-pounds. 

rru     u     A-                     4.        1»^20  X  1312  X  12        «- ^^-  .     ,  , 

The  bendmg  moment  =— =  25,977  mch  pounds. 

The  concrete  in  compression  having  no  moment,  it  follows  that  the  concrete  in 
tension  must  have  a  resisting  moment  of  4,466  inch-pounds.  The  measurement 
of  the  deformations  showed  that  the  maximum  elongation  for  this  concrete  {B  R) 
was  0*30  thousandths. 
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M.  Christophe  points  out  that  this  extension,  together  with  the  initial  exten- 
-sion  produced  by  the  weight  of  the  pile  itself,  is  more  than  the  maximum  extension 
of  a  test  piece  subjected  to  simple  tension,  but  is  less  than  the  extensions  of  the 
prisms  experimented  on  by  M.  Considere  (p.  243),  and  therefore  the  concrete 
must  have  passed  its  ''  elastic  limit "  and  be  offering  its  maximum  resistance  if 
JM[.  Considdre's  conclusions  are  correct. 

From  M.  Considere's  results  M.  Christophe  assumes  as  a  close  approximation 
i^hat  the  tension  in  the  concrete  may  be  considered  as  uniform  throughout  the  total 
height  0  B,     On  this  supposition  the  tensile  resistance  of  the  concrete  will  be 

'      =  1,396  pounds,  which  gives  a  unit  resistance  of  ' 


3-20        '        ^  '  °  (15-75X4-41)— [(2-75)2xO-78] 

-or  22  pounds  per  square  inch. 

But  M.  Christophe  points  out  that  the  total  tension  of  the  concrete  under  the 
total  load  due  to  the  exterior  loading  and  the  weight  of  the  pile  itself  will 
probably  be  somewhat  more  than  double  the  amount. 

He  goes  on  to  say  that  the  concrete  of  which  the  pile  is  made  should  be  offering 
its  maximum  unit  resistance  of  170  pounds  per  square  inch,  according  to  M.  Considere, 
a.nd  draws  the  conclusion  that  the  application  of  the  hypothesis  followed  by  M.  Con- 
sidere for  the  interpretation  of  the  results  of  his  experiments  is  reduced  to  a  *'  material 
impossibiUty."  He  remarks,  however,  that  if  the  truth  of  the  hypotheses  which  gave 
the  value  of  4, 466  inch-pounds  for  the  moment  of  resistance  of  the  concrete  in  tension 
is  admitted,  it  would  be  naturally  concluded  that  it  would  have  cracked  for  a  great 
part  of  the  distance  0  B,  but  the  pile  showed  no  signs  of  cracks  ;  yet  in  spite  of  this 
the  experiment  does  not  allow  him  to  generalize  the  property  pointed  out  by  M. 
•Considere  that  the  concrete  offers  a  resistance  in  tension  of  170  pounds  per  square 
ixich  between  the  strains  of  000025  and  0'0015. 
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Professor  Halt's  Experiments  on  Reinforced  Concrete  Beams 

Prof esBor  Hatt,  in  a  paper  read  before  the  American  section  of  the  International 
Association  for  Testing  Materials/  describes  some  tests  carried  out  by  himself  on 
plain  and  reinforced  concrete  beams  8  inches  square,  freely  supported  80  inches 
between  supports,  the  reinforcements  being  of  wrought  iron  and  the  loading  applied 
at  the  centre  of  the  span.  Load  deflexion  curves  were  plotted  from  the  results  of 
the  tests.    The  following  is  a  tabulated  list  of  results — 


TABLE  XXXVIII 


Nature  of  Piece 

1 

HR 

Condition 

Flnt  Crack 

FaUore 

-s 

^^1 

1 

ProportloD  of 

i 

^§1 

Si! 

Deflex- 

Deflex- 

Ingredients 

siis 

®Q 

M 

ion  in 

M 

ion  to 

of  Concrete 

Distan 

Relnforc 

from  Un( 

Inch 

> 

Original 

After  Test 

terms  of 

terms  of 

£ 

28 

bhs 

span 
1  over 

bhs 

spas 
lover 

1:2:4  Stones 

None 

Normal 

Crack     4     in.     from 

94 

26666 

centre,  weight  480 
lb. 
Crack     at     centre, 

»» 

tt 

28 

M 

90 

5517 

weight    486    lb. 

»f 

1% 

2 

25 

tt 

Crack     2     in.     from 
centre. 

347 

671 

382 

491 

t» 

t» 

tf 

28 

** 

Crack  at  centre 

347 

688 

434 

430 

»» 

^  /o 

It 

25 

tt 

tt 

400 

734 

712 

288 

f» 

*> 

tt 

27 

Rather 
Wet. 

n 

451 

609 

712 

288 

f> 

1  o/ 

*■  /o 

1 

25 

Quivery. 

t» 

370 

680 

383 

652 

»» 

tt 

tt 

23 

tt 

ft 

332 

633 

372 

452 

ft 

oo/ 
^  /o 

»» 

27 

Very  wet. 

Crack     6    in.     from 
centre. 

670 

4G0 

612 

320 

•> 

f» 

*t 

25 

Rather 
dry. 

Cracks     6     in.     from 
centre. 

510 

603 

602 

384 

>» 

1% 

u 

30 

Quivery. 

Two     cracks     2     in. 
each   side    of   centre. 

240 

920 

387 

454 

*t 

tt 

•» 

30 

Normal. 

Cracks   3   in.    from 
centre. 

327 

680 

381 

47a 

ft 

None 

7 

Rather  dry. 

Tested  at  ^  span. 

133 

lOOCO 

*> 

tt 

8 

Normal. 

Weight  480  lb. 

60 

4444 

>» 

1% 

2 

7 

Rather 
dry.      , 

Cracks     4     in.     from 

centre,  weight 

500  lb. 

295 

600 

417 

320 

»t 

ft 

ft 

9 

Normal. 

Cracks  at  centre. 

243 

792 

382 

286 

1:2:5  Cinder 

oo/ 

^  /o 

1 

17 

Normal. 

Cracks     3     in.     from 

centre.     Failure 

later  in  compression. 

Cracks     4     m     from 

255 

300 

268 

278 

>» 

tf 

t» 

17 

Too  dry. 

102 

1177 

118 

909 

centre. 

1 

»» 

None 

14 

Normcd. 

Crack  at  centre. 

23 

2600 

tt 

tt 

11 

tt 

Tested     at     |    span. 

43 

4210 

f* 

tt 

11 

tt 

»»                     tt 

43 

6164 

1  :  6  Gravel 

3% 

1 

6 

ft 

Failed     suddenly     by 
horizontal  shearing 
along  reinforcement 
at  end  of  beam. 

610 

646 

587 

1 
1 

i 

600 

Professor  Hatt  remarks,  with  reference  to  the  experiments  on  broken  stone 
concrete  beams  about  one  month  old,  that  the  curve  of  deflexions  was  nearly  a 
straight  line  until  a  load  of  from  1,500  to  3,000  pounds  had  been  applied.  At  higher 
loads  the  deflexion  increased  more  rapidly,  but  the  curve  again  became  a  straight 
line,  the  deSexion  increasing  uniformly  with  the  load  until  at  a  load  of  from  4,000 
to  10,000  pounds  a  crack  occurs  at  the  lower  surface  of  the  concrete.    Beyond  this- 

^  Published  in  Engineering  Record,  June  28,  1902. 
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point  the  deflexion  still  increased  uniformly  with  the  load  until  the  iron  reinforce- 
ment reached  ita  elastic  Umit,  at  which  time  the  deflexion  increased  rapidly  without 
any  corresponding  increase  of  load.     Fig.  312  shows  typical  load-deflexion  curves, 


also  the  effect  of  percentage  and  disposition  of  reinforcement ;  and  Fig.  313  shows 
the  effects  of  age  in  the  reinforced  concrete  beams. 

Professor  Hatt  remarks  that  in  none  of  the  broken  stone  concrete  beams  was 


9 V — ~  — 

r 


Pio.  313 

there  any  indication  that  the  maximum  compressive  strength  of  the  concrete  was 
reached  at  the  load  at  which  the  reinforcement  failed,  but  that,  if  steel  reinforce- 
ment had  been  used,  the  compressive  strength  of  the  concrete  might  have  been 
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developed.   The  reinforcement  in  no  case  pulled  out  of  the  concrete,  and  the  stODe^ 
were  broken  across  at  the  section  of  rupture. 

Professor  Hatt  also  made  some  tests  on  direct  tension  and  compression  which 
have  been  mentioned  with  reference  to  the  moduU  of  elasticity  of  concrete.  He 
also  found  that  the  average  elongations  of  the  test  pieces  at  rupture  were— 

For  plain  concrete        .         .         1  in  7,000, 
For  reinforced  concrete  •         1  in  1,140, 

and  forms  the  same  opinion  as  M.  Considere  that  the  effect  of  the  reinforcement  b 
to  distribute  the  maximum  elongation  over  the  entire  length  of  the  piece,  whereas 
in  the  ca^se  of  plain  concrete  the  maximum  elongation  is  conjSned  to  the  fractured 
section. 

Professor  Talbot's  Experiments,  1904^ 

In  these  tests  of  plain  and  reinforced  concrete  beams  special  precautions  were 
taken  against  failure  by  shearing  or  secondary  stresses.  Sizes  were  adopted  so  that 
the  beams  might  approximate  to  those  used  under  ordinary  working  conditions. 
The  experiments  are  specially  interesting  in  that  the  longitudinal  deformations 
during  loading  were  carefully  and  accurately  measured,  and  some  of  the  beams  were 
unloaded  and  reloaded  again  at  several  times  during  the  increase  of  the  load. 


toceot 


aooo 


MfOOt 


3000 


Pio.  314 


The  loading  was  gradually  increased  and  the  behaviour  of  the  beams  noted 
until  failure,  and  several  important  results  were  thereby  obtained,  such  as  the  posi- 
tion of  the  neutral  axis  and  stress  in  the  reinforcement  on  the  assumption  of  the 
truth  of  the  hypothesis  of  the  conservation  of  plain  sections.  Some  special  experi- 
ments were  also  made  to  test  the  truth  of  this  hypothesis,  by  using  two  extenso- 
meters  on  one  side  of  the  beam,  one  having  its  contact  points  1 J  inches  below  the 
upper  surface  and  \\  inches  above  the  lower  surface,  the  other  having  its  upper 
contact  points  at  the  same  level  but  the  lower  points  Sf  inches  above  the  lower 
siurface. 


*  Bulletin  No.  1  of  University  of  Illinois  Engineering  Experiment  Station,  Sept.  1,  1904. 
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By  this  arrangement  two  values  for  the  elongation  of  the  reinforcements  and 
compression  of  the  concrete  were  determined,  and  also  the  resulting  positions  of 
the  neutral  axis. 

The  results  agreed  very  closely  for  loads  over  3,000  lb.,  which  gives  a  stress- 
in  the  reinforcement  of  only  about  1,800  lb.  per  square  inch.  Table  XXXIX  give^ 
the  details  of  the  various  beams,  and  Figs.  695  to  606,  Appendix  V,  show  the  be- 
haviour of  tjrpical  beams  under  gradually  increasing  loads  and  the  positions  of  the 
neutral  axis.  Fig.  314  shows  the  behaviour  of  Beam  20  when  the  loads  were 
removed  and  reapplied,  which  is  specially  interesting  as  showing  the  permanent  set 
which  occurs  in  a  beam  due  to  the  inability  of  the  concrete  to  regain  its  original, 
length  after  deformation  and  the  effect  of  this  on  the  elasticity  of  the  metal. 

It  wiD  be  seen  that  after  the  application  and  removal  of  loads  up  to  15,000  lb. 
the  metal  retains  a  deformation  of  0*00046,  or  is  stressed  to  about  13,800  lb.  per* 
square  inch.    This  must  necessarily  react  on  the  concrete  on  the  compression  side 
of  the  neutral  axis,  causing  it  to  be  imder  initial  tension.     After  the  application, 
and  removal  of  a  load  of  6,000  lb.  the  steel  is  stressed  to  2,400  lb.  per  square  inch.. 

Professor   Talbot  gives  the  dia- 


OefcnTTa/h/?  joer(/ir?/f  af^?f?a//? 


Fio.  315 


gram  Fig.  315,  showing  the  typical 
behaviour  of  a  reinforced  concrete 
beam  under  gradually  increased  load- 
ing. He  divides  the  phenomena  into 
four  stages  : — 

Siagt  I, — The  deformations  of 
upper  and  lower  fibres  are  similar  to 
those  in  plain  concrete  beams,  modi- 
fied by  the  metal  reinforcement,  and 
the  resistance  of  the  concrete  in  ten- 
sion is  plainly  apparent.  When  a 
load  is  reached  which  is  approxi- 
mately equivalent  to  about  350  lb. 
per  square  inch  tension  on  the  ex- 
treme fibre  the  concrete  apparently 
commences  to  lose  its  tensional  re- 
sistance, and  the  second  stage  begins. 

Stctge  II. — ^The  reinforcement  elongates  more  rapidly  with  the  application  of* 
the  load,  there  is  a  similar  increase  in  the  compression  of  the  concrete  and  the 
neutral  axis  rises.  A  marked  change  is  also  noticed  in  the  character  of  the  load 
deformation  diagram.  While  no  cracks  are  visible  to  the  naked  eye  the  concrete 
has  lost  much  of  its  tensile  resistance.  This  stage  Professor  Talbot  describes  as. 
the  readjustment  stage. 

Stctge  III. — The  increments  of  deformation  of  the  reinforcement  are  closely 
proportional  to  the  increments  of  the  load,  the  load  deformation  curve  becoming 
a  straight  line.     The  compressive  deformations  also  approximate  to  a  straight  line. 
During  this  stage  fine  vertical  cracks  appear,  generally  quite  numerous  and  well  dis- 
tributed over  the  middle  third  of  the  span  (the  loads  were  applied  in  these  tests  at 
the  third  points),  and  grow  more  distinct  as  the  load  increases,  but  they  have  no- 
effect  on  the  character  of  the  load  deformation  curves.      This  stage  continues  up- 
to  or  near  the  maximum  loading,  except  with  those  beams  having  an  excess  of. 
reinforcement. 
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TABLE  XXXIX. 
Tests  cabbibd  out  by  PBorESSOB  Talbot  at  Iij-inois  University,  1904.     Cokcreik  khhi 
Moderately  Wet  in  the  Peopobtion  oe  1  to  3  to  6.  havino  Coutbessive 
Stbenoth  op  2,030  Pounds  pek  Square  Inch. 

LOAD9  APPLIED  AT  two  POINTS  |  THE  LENGTH   OF  THE   SPAN  FBOH   EITHEB  SUPPOBT. 


No. 

IT 

Amount  and  bind  of 

Per 

□ent. 

Na.oi 
b.ra 
bent  up 

1 

I 
•1 

beam 

days 

of 
roelAl 

; 

mcnes      i  incnea 

ins.!  feot 

1 

61 

3  J  in.  ThBcher 

0-83 

Nil. 

total  span  12x131 

12 

14 

35,000 

2 

64 

5  j  in.  Johnson 

0-69 

„ 

>■        .. 

„      „ 

55,000  t»M,OM 

3 

63 

3  1  in.  Johnson 

0-42 

2 

66 

•4 

63 

5  i  in.  Kahn 

1-39 

Wings 
bent  up 

42 

"      " 

■• 

33,000  to  35.000 

•5 

6.5 

3  J  in.  Kahn 

0-83 

42 

0 

G3 

7  i  in.  Johnaon 

0-97 

3 

66 

„       „ 

55.000  to  60,000 

7  i  63 

3  I  in.  Johnson 

0-42 

Nil. 

Total  span 

„ 

8 

64 

Nil. 

0 

62 

3  j  in.  Ransome 

0-52 

8  stirrups 

Total  span 

12 

;,' 

Not  found,  but 
about  85.000 
according  U 
Prot.  Talbot 

10 

62 

3  }  in.  Thacher 

0-83 

2 

C6 

35,000 

11 

65 

Nil. 

•12 

65 

3  i  in.  Kahn 

0-83 

Wings    . 

42 

12 

33,000  to  35,000 

13 

63 

7  i  in.  JohnBon 

007 

4 

66 

55.000  to  60,000 

•14 

65 

4  J  in.  Kahn 

Ml 

Wings 
bent  up 

42 

" 

33,000  to  35.000 

15 

64 

3  J  in.  Thacher 

0-83 

2 

66 

35.000 

16 

60 

3  I  in.  plain  square 

052 

2 

66 

^, 

03,000  to  35,000 

17 

60 

3  )  in.  plain  square 

052 

2 

68 

18 

64 

Nil 

la 

60 

3    in.  plain  round 

0-41 

2 

66 

12 

33,000  to  35.000 

20 

61 

5     in  Johnson 

0-69 

3 

66 

'•'f      '•• 

" 

55,000  to  60.000 

21 

61 

3     in  plain  round 

041 

2 

66 

" 

33,000  to  35,000 

•22 

63 

3     in.  Kahn 

1-67 

Wings 

36 

",      ", 

w 

..              " 

bent  up 

23 

61 

Nil 

8-5 

24 

61 

Nil 

— 

— 

— 



5 

_ 

2-> 

64 

Nil 

5 

26 

62 

Nil 

—  |lO-67 

27 

63 

4  3  in.  plain  square 

1-56 

2 

66 

12    14 

33,000  to  35,000 

28 

61 

1-52 

4 

66 

I. 

12    14 

55,000  to  60.000 

29 

.■)9 

6  I  in.  Johnson 

1-48 

2 

06 

12x    8 

6i'lO-67 

30 

62 

Nil. 

12xl3i 

—  1 10-67 

31 

62 

Nil 

- 

— 

— 

—     8-5 

- 

•  The  Kahn  bars,  owing  to  their  formation,  had  their  wings  bent  up  inside  the  centnl 
tliird  of  the  length  of  the  span,  and  consequently  did  not  offer  their  full  resistance  at  tbew 
points. 
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Stage  IV. — Commences  at  or  near  the  maximum  load.  The  beam  deflects 
rapidly.  For  the  further  motion  of  the  testing  machine  the  load  drops  below  the 
maximum.  The  reinforcement  stretches  rapidly,  and  as  the  cracks  grow  in  width 
the  neutral  axis  rises,  and  there  is  a  more  rapid  compression  of  the  upper  fibre  of 
the  concrete  due  to  this,  until  finally  the  concrete  crushes  at  the  top  of  the  beam 
at  a  load  below  the  maximum  and  after  the  reinforcement  has  stretched  consider- 
ably beyond  its  yield  point. 

In  the  case  of  a  beam  having  more  than  about  1  per  cent,  of  metal  of  55,000 
lb.  per  square  inch  elastic  limit,  or  more  than  about  l^per  cent,  of  metal  of  33,000 
lb.  per  square  inch  elastic  limit,  the  concrete  fails  at  the  top  of  the  beam  by  crush- 
ing before  the  elastic  limit  of  the  metal  is  reached.  Professor  Talbot's  deductions 
from  these  experiments  may  be  given  in  his  own  words — 

1.  The  composite  structure  acts  as  a  true  combination  of  steel  and  concrete 
in  flexure  during  the  first  or  preliminary  stage,  and  this  stage  lasts  until  the  steel 
is  stressed  to,  say,  3,000  lb.  per  square  inch,  and  the  lower  surface  of  the  concrete  is 
elongated  nearly  YJiXuru  ^'  ^^  length. 

2.  During  the  second  or  readjustment  stage  there  is  a  marked  change  in  distri- 
bution of  stresses,  the  neutral  axis  rises,  the  concrete  loses  part  of  its  tensional  value, 
and  tensile  stresses  formerly  taken  by  the  concrete  are  transferred  to  the  steel. 
During  this  stage  minute  cracks  probably  exist,  quite  well  distributed  and  not  easily 
detected. 

3.  In  the  third  or  straight-line  stage  the  neutral  axis  remains  nearly  stationary 
in  position  and  the  concrete  gradually  loses  more  of  its  tensional  value.  Visible 
cracks,  appear  and  gradually  grow  more  distinct,  though  no  change  in  the  character 
of  the  load-deformation  diagram  results.  It  would  seem  probable  that  at  these 
cracks  the  stress  in  the  steel  is  more  than  is  indicated  by  the  average  deformation 
for  the  full  gauge  length. 

4.  In  beams  with  the  metal  reinforcement  small  enough  in  amount  not  to  develop 
the  full  compression  strength  of  the  concrete  the  maximum  load  is  reached  or  nearly 
reached  when  the  metal  is  stretched  to  its  yield  point,  and  in  calculating  the  resist- 
ing moment  the  tensional  value  of  the  concrete  is  here  negligible,  and  the  load  at  the 
yield  point  of  the  metal  may  well  be  considered  the  full  strength  of  the  beam.  The 
resisting  moment  at  this  point  may  well  be  calculated  by  multiplying  the  stress  in 
the  total  steel  area  by  the  distance  to  the  centre  of  gravity  of  compressive  stresses. 

5.  So  far  as  strength  of  the  beam  is  concerned,  the  load  when  the  steel  is  stressed 
to  its  elastic  limit  seems  the  proper  basis  for  the  factor  of  safety  and  working  load. 

6.  So  far  as  strength  of  beam  is  concerned,  steel  having  a  high  elastic  limit  is 
advantageous,  it  being  assumed  that  there  is  sufficient  provision  against  the  slipping 
of  rods  and  shearing  failures. 

7.  The  determination  of  the  limit  of  reinforcement  which  may  properly  be  used 
with  different  mixtures  and  grades  of  concrete  may  best  be  decided  by  experiments 
on  beams  made  to  determine  this.  For  the  1:3:6  concrete  used,  reinforcement  as 
high  aa  li  per  cent,  for  steel  of  33,000  lb.  per  square  inch  elastic  limit  and  1  per 
cent,  for  steel  of  55,000  lb.  per  square  inch  elastic  limit  may  be  used  without  de- 
veloping the  full  compression  strength  of  the  concrete. 

8.  With  beams  having  sufficient  metal  to  develop  the  full  compression  strength 
of  the  concrete,  the  calculated  resisting  moment  of  the  stresses  developed  in  the 
steel  and  concrete  is  in  excess  of  the  appUed  bending  moment,  which  indicates 
perhaps  that  the  centre  of  gravity  of  the  compression  stressas  ia  much  lower  than 
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when  the  compressive  stress  is  well  below  this  limit.    The  limiting  deformation  for 
compression  may  form  a  good  basis  for  limiting  the  amount  of  reinforcement. 

9.  There  was  no  marked  difference  in  results  found  for  the  different  forms  of 
reinforcing  bars  used. 

10.  Experimental  methods  form  a  desirable  basis  for  determining  position  of 
neutral  axis,  limit  of  reinforcement,  working  strengths  and  other  properties  of  rein- 
forced concrete  beams,  and  the  determinations  should  be  made  for  the  varieties  of 
mixtures,  consistencies,  ages,  and  materials  of  the  concretes  used. 


Professor  Talbot's  Experiments,  1905 

Professor  Talbot,  of  the  University  of  Illinois,  carried  out  a  further  extensive 
and  interesting  series  of  experiments  in  1906. 

These  tests  were  undertaken  with  a  view  of  further  developing  the  fundamental 
principles  governing  reinforced  concrete  construction  as  well  as  uncovering  a 
field  for  future  experiments.  Among  the  topics  taken  up  for  consideration  were  the 
following — ^Effect  of  amount  of  reinforcement ;  use  of  steel  with  high  elastic  limit 
but  having  a  very  smooth  surface  ;  failure  by  tension  in  steel,  compression  in  con- 
crete, bond,  and  diagonal  tension ;  abnormal  concretes,  including  lean  mixtures, 
poorly  mixed  concrete  and  the  formation  of  a  plane  of  rupture  due  to  the  partial 
setting  of  one  layer  of  concrete  before  the  next  was  added ;  effect  of  method  of 
loading,  of  repetition  of  load,  of  rest  at  certain  loads,  of  retention  of  load,  of  position 
of  reinforcing  bars,  and  of  initial  cracks  ;  position  of  neutral  axis. 

Mr.  Talbot  discusses  the  various  methods  of  failure,  and  differentiates  between 
primary  and  ultimate  failure,  pointing  out  that  an  ultimate  compression  failure 
may  be  due  to  an  initial  failure  by  tension  on  the  steel,  and  that  the  failure  of 
bond  or  slipping  of  the  bars  may  come  after  die^gonal  tension  failure.  He  considers 
that  great  care  is  necessary  in  the  study  of  the  test  in  order  to  arrive  at  a  true  pro- 
nouncement as  to  the  cause  of  failure,  and  that  frequently  a  report  of  tests  is  mis- 
leading, in  consequence  of  the  exterior  appearance  of  the  test  piece  only  being 

noted. 

Failure  by  Tension  in  Steel. — ^When  deformations  have  been  measured,  the 
plotted  stress-deformation  curve  for  tension  of  the  steel  will  show  a  sudden  and 
marked  change  at  the  yield  point,  and  there  will  be  a  corresponding  change  in  the 
curve  of  compression  on  the  concrete.  Tension  cracks  will  appear  considerably 
before  the  steel  reaches  its  yield  point.  With  other  forms  of  failure  these  cracks 
may  appear,  but  they  will  not  increase  to  the  extent  they  do  in  tension  failures. 

Failure  by  Compression  of  Concrete. — Beams  having  a  large  amount  of 
reinforcement  may  fail  by  the  crushing  of  the  concrete  at  the  top  before  the  steel 
has  been  stressed  to  its  elastic  limit.  For  the  quality  of  concrete  (1:3:6)  used  by 
Professor  Talbot,  1  per  cent,  for  steel  having  56,000  lb.  per  square  inch  elastic 
limit,  and  15  per  cent,  for  steel  having  33,000  pounds  per  square  inch  elastic  limit 
may  be  taken  as  tentative  limits  of  reinforcement  at  which  failure  by  compression 
of  the  concrete  is  likely  to  occur. 

If  stress-deformation  diagrams  are  made,  the  line  showing  the  shortenings  of 
the  upper  fibre  will  curve  away  rapidly  from  the  usual  straight  line  position,  but 
the  steel  deformation  line  will  not  be  materially  modified  until  near  the  point  of 
ultimate  failure. 

Failure  of  Bond  between  Steel  and  Concrete. — Professor  Talbot  finds  that 
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primary  failure  of  this  kind  is  unusual  in  test  beams  having  ordinary  proportions. 
He  states  that  in  most  of  the  failures  reported  to  be  caused  by  slipping  of  the  bars, 
it  seems  certcdn  that  this  slipping  occurred  subsequent  to  diagonal  tension  failures 
or  other  changes  which  were  the  primary  causes  of  failure.  He  considers  that  for 
mild  steel  reinforcements  placed  horizontally  in  beams  of  ordinary  dimensions,  the 
diagonal  tensile  strength  of  the  beam  will  be  a  much  weaker  element  than  the  bond 
stress,  but  the  reverse  is  the  case  when  smooth  steel  of  high  elastic  limit  is  em- 
ployed for  reinforcement. 

Failure  by  Diagonal  Tension  in  Concrete. — Professor  Talbot  emphasizes 
the  fact  that  the  inclined  cracks  which  occur  in  reinforced  concrete  beams  are  due 
to  diagonal  tensile  stresses,  and  points  out  that  these  are  in  reality  a  combination 
of  the  diagonal  stresses  due  to  shearing,  and  to  the  horizontal  tensile  stresses  in  the 
concrete.  The  tensile  stresses  which  exist  in  the  concrete  must  have  the  effect 
of  increasing  the  diagonal  stresses  which  cause  the  failures  generally  attributed  to 
shear.  If  ^  is  the  diagonal  tensile  unit  stress,  8  the  horizontal  tensile  unit  stress 
existing  in  the  concrete,  and  h  the  horizontal  and  vertical  shearing  unit  stress, 
Professor  Talbot  gives  the  following  equation  from  Merriman's  if  ecAanic*  of  Material — 


When  the  diagonal  tensile  stresses  developed  become  greater  than  the  tensile 
strength  of  the  concrete,  the  beam  will  fail  by  diagonal  tension,  producing  an 
inclined  crack  sloping  upwards  towards  the  centre  of  the  beam,  if  there  is  no  special 
reinforcement  to  resist  these  stresses. 

As  the  value  of  the  maximum  diagonal  tensile  stress  developed  in  a  beam  is 
dependent  upon  the  horizontal  tensile  stress  developed  in  the  concrete  at  the  same 
point,  it  is  difficult  to  compute  its  exact  amount,  but  comparisons  can  be  made  by 
computing  the  unit  shearing  stresses  when  the  failure  is  produced  by  diagonal 
tension.  The  combined  shearing  and  tensile  stresses  will  evidently  equal  the  ten- 
sile strength  of  the  concrete,  while  the  calculated  shearing  stresses  at  failure 
are  always  considerably  below  the  resistance  of  the  concrete  to  tension.  Diagonal 
tension  failures  are  frequently  characterized  by  sudden  breaks,  without  ^luch  warn- 
ing. A  variation  from  this  gives  a  slower  failure,  part  of  the  shear  being  carried 
through  the  reinforcing  bars,  and  the  ultimate  failure  involving  the  stripping  of 
the  bars  from  the  concrete  by  a  horizontal  crack  along  the  bars. 

The  relation  between  the  depth  and  length  of  a  beam  will  determine  whether 
it  will  fail  by  diagonal  tension  or  by  tension  of  steel  or  compression  of  concrete. 
In  relatively  short  and  deep  beams,  diagonal  tensile  strength  will  fix  the  strength, 
while  in  long  shallow  beams  this  element  may  be  disregarded. 

Failure  by  Shearing  of  the  Concrete. — Professor  Talbot  considers  that  the 
failure  of  beams  is  never  likely  to  be  due  to  shear  pure  and  simple,  since  these 
stresses  are  small  compared  with  the  shearing  resistance  of  concrete,  which  he  has 
found  by  tests  to  be  as  great  as  from  60  to  76  per  cent,  of  the  compressive  strength. 
He  states  that  the  low  values  frequently  quoted  of  from  16  to  36  per  cent,  of  the 
compressive  strength  were  found  from  tests  made  in  such  a  way  that  bending  action 
controls,  and  the  failures  are  more  nearly  tension  failures. 

Failure  by  Splitting  of  the  Bars  away  from  the  Upper  Portion  of  Beam. — 
Professor  Talbot  states  that  these  failures  often  occur,  either  after  or  at  the  same 
time  as  a  diagonal  crack  is  observed,  horizontal  cracks  being  formed,  spUtting  away 
the  bars  and  the  concrete  below  them  from  the  remainder  of  the  beam.    He  points 
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out  that  this  failure  is  caused  by  vertical  tension  in  the  concrete  traoBmittedto 
it  by  the  stiffness  of  the  bars  after  the  concrete  fails  under  diagonal  tension.  On 
account  of  the  diagonal  crack  normal  beam  action  does  not  exist,  and  part  of  the 
vertical  shear  from  the  main  portion  of  the  beam  (that  portion  which  has  a  p^oje^ 
tion  at  the  bottom  formed  by  the  inclined  crack)  is  transmitted  by  the  projecting 
part  and  the  flexural  stiffness  of  the  bars  across  the  cracks  at  the  level  of  the  bars 
and  applied  to  the  portion  of  the  beam  nearest  to  the  support,  as  a  downward  force 
tending  to  split  the  bars  and  the  concrete  below  them  from  the  upper  portion  of  the 
beam.  This  action  can  only  be  resisted  by  the  tensile  strength  of  the  concrete  in  a 
vertical  direction.  A  failure  of  this  kind  can  only  take  place  after  an  initial  failure 
by  diagonal  tension,  and  may  happen  without  any  horizontal  movement  or  slip  of 
the  bars. 

The  tests  were  carried  out  on  beams  8  inches  wide,  11  inches  deep,  and  13 
feet  long,  with  a  test  span  of  12  feet.     The  centre  of  steel  reinforcement  was  placed 
10  inches  below  the  top  surface  except  in  special  cases  when  it  was  bent  up  at  the 
ends.     After  being  made,  the  beams  were  kept  in  a  room  at  a  temperature  of  from 
60°  to  70°  F.  until  tested,  and  were  sprinkled  with  water  for  a  few  days  ;  no  other 
damping  or  protection  against  drying  out  being  employed,  and  it  is  probable  that 
they  dried  too  much  to  secure  the  best  quality  of  concrete.     The  beams  were  moved, 
generally  after  more  than  two  weeks  had  elapsed  since  the  moulding  and  stacked 
in  tiers  with  thin  strips  between.     An  unfortunate  accident  happened  to  the  first 
fifty  beams,  the  last  tier  of  which  fell  over  sideways,  striking  the  next  tier,  the  ^  hole 
stack  falling  over.     Fifteen  beams  were  broken,  several  of  which  were  afterwards 
tested,  giving  very  interesting  results,  showing  the  abuse  which  such  beams  will 
stand.     Beam  No.  18,  which  was  broken  2^  feet  from  the  middle,  carried  a  load  of 
18,000  pounds,  the  highest  load  carried.     In  this  test,  however,  the  loads  were 
applied  7^  feet  apart  and  no  shear,  and  hence  no  diagonal  tension  existed  between 
these  points.     Professor  Talbot  considers  that  the  loads  borne  by  the  broken  beams 
and  their  action  during  the  tests  are  to  the  credit  of  reinforced  concrete  constrac- 
tion. 

The  loads  were  appHed  at  a  slow  speed,  the  increase  of  deflection  averaging 
about  0*03  inches  per  minute.  Repeated  loads  were  applied  at  about  03  inches 
per  minute  and  the  release  at  about  0*6  inches  per  minute.  The  load  was  increased 
by  increments  of  1,000  lb.  except  when  they  were  being  released  and  reapplied, 
when  readings  were  taken  at  intervals  of  2,000  or  3,000  pounds. 

Longitudinal  elongations  and  shortenings  at  the  top  of  the  beam  and  at  the 
level  of  the  reinforcement  were  taken  by  an  extensometer  device,  which  was  improved 
from  experience  gained  in  former  tests. 

The  methods  of  loading  are  given  in  the  diagrams  of  the  load  deformation 
curves    (Figs.  607  to  617,  Appendix  No.  VI). 

Table  XL.  gives  the  details  of  the  beams  tested. 
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TABLE  XL 
All  Beams  Loaded  at  Jrd  Points  except  where  otherwise  Stated. 

Data  on  Beams 


Per 

Beam 
No. 

Kind  of 
Concrete 

Amount  of 
Reinforcement 

cent,  of 
Rein- 
force- 
ment 

A<?e  at 

test 

Days 

Method  of  applying  load 

Method  of  failure 

5 

1:3:6 

4  J-in.  Round 

0-98 

69 

Continuous 

Tension  in  steel 

11 

»f 

»             >> 

0-98 

65 

99 

9»                                 99 

13 

» 

99                         99 

0-98 

62 

Progressively  applied 
and  released 

99                                99 

14 

»f 

99                         99 

0-98 

63 

At  two  points  H  feet 
apart,  continuous 

Diagonal  tension 

15 

»> 

99                           99 

0-98 

63 

99                                                          99 

99                                99 

16 

»» 

99                           »9 

0-98 

63 

8»000  pounds  retained 
28  hours 

Tension  in  steel 

17 

»» 

99                           99 

0-98 

05 

9,000  poTuids  repeated 
10  times 

Tension  in  steel  fol- 
lowed by  diagonal 
tension 

18 

99 

99                         9> 

0-98 

72 

At  two  points  7  J  feet 
apart,  continuous 
f  6,000    poiuids    re-^ 
peated  8  times 
10,000    poimds    re-  " 
I     peated  6  times 

Diagonal  tension 

19 

f» 

99                         99 

0-98 

63 

Tension  in  steel 

■ 

20 

»1 

99                         99 

0-98 

64 

Progressively  applied 
and  released 

Diagonal  tension 

21 

99 

9»                           99 

0-98 

62 

At  middle,  continuous 

Tension  in  steel 

22 

)>                           9> 

0-98 

63 

r 

9,000  pounds  retained 

20  hours 
(IZ  hours'  rest  afters 
J      6,000  pounds          1 

99                          99 

23 

0*08 

82 

99 

99                        99 

x/      K^KJ 

\j*t 

9,000    pounds    re-  j 
I     peated  twice          J 

99                         99 

24 

99 

4  J-in.  Round 

2-21 

63 

Progressively  applied 
and  released 

Diagonal  tension 

26 

99 

4  ^-in.  Round 

0-98 

64 

5,000     pounds     re- 
tained 25  hours 

Tension  in  steel 

27 

»» 

3  ^-in.  Round 

0  74 

68 

Continuous  rest  after 
load  of  6,000  lbs. 

99                         M 

28 

» 

4  |-in.  Round 

2-21 

60 

Progressively  applied 
and  released 

Diagonal  tension 

29 

99 

99                        99 

2-21 

62 

12,000    pounds    re- 
peated 15  times 

Diagonal  cracks  fol- 
lowed by  compres- 
sion 

30 

99 

4  i-in.  Round 

0-98 

62 

At  middle,  continuous 

Tension  in  steel 

31 

99 

99                        99 

0-98 

62 

15  hours*  rest  after 
8,000  pounds 

9>                            99 

33 

99 

3  }-in.  Round 

1-66 

60 

Continuous 

Diagonal  tension 

34 

99 

19                               99 

1-66 

60 

99 

99                                   «9 

35 

»9 

/  3  J-in.  Round  | 
t2|-in.Ro\md 

1-84 

60 

99 

Tension  in  steel 

36 

»9 

3  |-in.  Round 

0-74 

62 

Continuous.  Load  of 
6,000   pounds   re- 
tained 24  hours 

99                             99 

37 

»» 

6  j-in.  Round 

1-24 

59 

Continuous 

99                                99 

38 

»9 

( 2  l-in.Round  \ 
^  2  |-in. Round  / 

1-60 

57 

99 

Diagonal  Tension 
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TABLE  XL   {continued). 
All  Beams  Loaded  at  ^rd  Points  except  where  otherwise  Stated 

Data  on  Beams. 


Per 

• 

Beam 

No. 

Kind  of 
Concrete 

Amount  of 
Reinforcement 

cent,  of 
Rein, 
force- 
ment 

Age  at 
Test 
days 

Method  of  applying  load 

Method  of  failure 

39 

/Poorly 

4  j-in.  Round 

0*98 

61 

Continuous 

Diagonal  Tension 

mixed 

40 

If    >» 

»                          99 

0-98 

61 

ff 

ff              If 

41 

Lean 

M                         »» 

0-98 

61 

f» 

ff              ff 

1 
1 

con- 

1 

1 

1 

crete  at 

1 

1 

bottom 

42   1 

»f     »» 

ft                         »» 

0-98 

62 

ff 

ff            fi 

43 

:  ;  Plane 
§  \  of  set 

f>                         If 

0-98 

61 

ff 

Tesion  in  steel 

^ 

1  inch 

from 

bottom 

44 

Plane 
of  set 
5^  ins. 
from 
,  bottom 

ft                         ff 

0-98 

61 

»9 

Diagonal  tension 

45 

1:3:6 

( 3  i-in.  Round) 
12  i-in.  Round! 

1-84 

61 

»» 

»9                       If 

40 

»» 

5  }-in.  Round 

2-76 

61 

ff 

[tinuous 

Compression  in  con- 
crete 

47 

ft 

4  i-in.  Round 

0-98 

60 

At  eight  points,  con- 

Tension  in  steel 

48 

ff> 

>»            »» 

0-98 

64 

Continuous 

99                              If 

49 

9f 

2  }-in.  Round 

110 

60 

>» 

Bond 

60 

9t 

4  i-in.  Round 

0-98 

387 

Continuous ;   loaded 
up  to  2,000  pounds 
at  age  of  60  days, 
and    observations 
made  on  e£Pect  of 
rest  until   age  of 
387    days,    when 
loading  was   con- 
tinued to  failure 

Tension  in  steel 

51 

fy 

3  }-in.  Round 

1-66 

63 

Continuous 

Bond 

52 

99 

»»            »» 

1-66 

60 

ff 

ff 

53 

99 

2  }-in.  Round 

110 

61 

f» 

If 

54 

ff 

4  i-in.  Round 

0-98 

63 

Continuous  at  middle 

Tension  in  sted 

55 

99 

3  |-in.  Round 

1-66 

59 

Continuous 

Bond 

56 

tf 

2  f -in.  Round 

110 

59 

ff 

ff 

57 

»» 

>»            »> 

110 

59 

ff 

fi 

58 

1:2:4 

4  i-in.  Round 

0-98 

59 

ff 

Tension  in  steel 

59 

»> 

>»            »» 

0-98 

59 

»> 

f»             ft 

60 

1:3:6 

2  }-in.  Round 

110 

59 

Continuous ;        two 
points    7t^    feet 
apart 

Bond 

61 

9) 

3  f-in.  Round 

1-66 

59 

Continuous 

Bond 

02 

11 

2  j-in.  Round 

110 

59 

ff 

»» 

63   ' 

>f             » 

110 

58 

ff 

Tension  in  steel 

67 

ff             ff 

110 

57 

ff 

Bond 

Beams  Nos.  64,  38  and  66  were  of  plain  concrete, 
are  considered  as  1  per  cent,  in  discussion  on  tests. 
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Beams  Nos.  14,  18,  31,  45,  51,  and  56  were  cracked  before  testing.  Beam  61 
had  artificial  cracks  outside  the  load  points.  •  Beams  Nos.  48,  54,  58,  59,  and  63  had 
rods  bent  out  of  horizontal.  Beams  Nos.  49,  51,  52,  53,  55,  56,  57,  60,  61,  62,  and 
67  were  reinforced  with  tool  steel. 

Professor  Talbot  gives  the  following  general  conclusions  from  the  results  of 
these  experiments. 

1.  The  general  phenomena  of  the  tests,  like  stages  of  flexure,  the  failure  of 
tension  in  the  concrete,  moment  of  resistance  of  the  beam,  effect  of  elastic  limit 
of  the  steel,  etc.,  agree  well  with  those  carried  out  previously. 

2.  The  tests  confirm  the  conclusion  given  on  the  former  tests  that  for  normal 
1:3:6  concrete  of  the  quality  used  a  reinforcement  of  1'5  per  cent,  of  steel  of 
33,000  lb.  per  square  inch  elastic  limit  will  not  develop  the  full  compressive 
strength  of  the  concrete.  In  beams  having  a  smaller  amount  of  reinforcement, 
failure  will  be  due  to  the  stretching  of  the  steel  beyond  its  yield  point.  This 
assumes  that  the  beam  is  so  proportioned  or  so  reinforced  that  bond  or  diagonal 
tension  will  not  be  the  cause  of  failure. 

3.  Beams  which  failed  by  diagonal  tension  developed  an  average  vertical 

shear  of  123  lb.  per  square  inch  as   calculated  by  equation  i„^  =  ^^z  where  h' 

Oft 

is  the  lever  arm  between  the  couple  of  resisting  forces.  The  diagonal  tensile 
stress  corresponding  to  the  shearing  stress  may  be  considered  to  be  the  tensile 
strength  of  the  concrete.  The  results  have  a  bearing  upon  the  importance  of  web 
reinforcement. 

4.  Beams  reinforced  with  tool  steel  failed  by  slipping  of  the  bars  with  133  lb. 
per  square  inch  as  the  average  bond  stress  developed.  These  beams  showed  a 
characteristic  type  of  failure.  The  special  tests  to  determine  the  bond  resistance 
of  these  tool  steel  rods  averaged  149  lb.  per  square  inch.  In  the  beams  rein- 
forced with  mild  steel  plax^ed  horizontally,  there  was  no  evidence  of  slip,  although 
in  one  beam  a  bond  stress  of  193  lb.  per  square  inch  was  developed. 

5.  Centre  loading  may  be  expected  to  give  results  which  are  higher  than  those 
found  by  the  ordinary  beam  formula.  Moments  of  resistance  derived  from  results 
of  centre  loading  tests  may  not  properly  be  used  as  a  basis  of  calculation  for  other 
forms  of  loading.  The  results  with  loading  at  the  one-third  points  compare  favour- 
ably with  multiple-point  loading,  and  are  comparable  with  uniform  and  other 
distributed  loading. 

6.  Repeated  appUcations  of  a  load  which  sets  up  high  compressive  stre^l^s 
in  the  concrete  give  increasing  deformations.  The  deflexions  after  ten  to  fifteen 
applications  were  found  to  be  12  per  cent,  to  30  per  cent,  in  excess  of  the  deflexion 
at  the  first  application. 

7.  Beams  which  were  loaded  to  give  a  stress  of  15,000  lb.  per  square  inch  in 
the  steel  and  800  lb.  per  square  inch  in  the  concrete,  or  more,  failed  to  return  to 
their  original  position  upon  the  removal  of  the  load,  the  amount  of  the  retained 
deflexion  being  20  per  cent,  to  35  per  cent,  of  the  deflexion.  No  appreciable  recovery 
of  the  set  was  apparent  after  periods  of  15  to  40  hours. 

8.  Beams  loaded  so  as  to  develop  stresses  of  18,000  to  32,000  lb.  per  square  inch 
in  the  steel  and  compressive  stresses  of  800  to  1,400  lb.  per  square  inch  in  the  concrete 
gave  little  perceptible  change  in  appearance  or  growth  of  cracks  after  the  load  had 
been  retained  20  to  38  hours,  and  upon  the  application  of  greater  loads  the  load- 
deformation  curves  and  deflexion  curves  rose  upward  and  took  the  general  shape 
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for  such  curves  for  progressively  applied  loads.  During  the  retention  of  load,  the 
deflexion  increased  12  per  cent,  to  35  per  cent.,  the  principal  cause  of  this  increase 
evidently  being  the  increased  compression  of  the  concrete. 

9.  The  general  form  of  the  stress-deformation  curves  for  continually  increas- 
ing loads,  progressively  applied  and  released  loads,  and  repeated  loads,  is  the  same, 
until  the  compressive  deformations  of  the  concrete  become  large. 

10.  Poorly-mixed  concrete  and  lean  concrete  when  used  in  the  lower  half  of 
beams  gave  failures  by  diagonal  tension  at  shearing  stresses  not  much  more  than 
one-half  the  stresses  developed  in  beams  made  with  normal  concrete  which  failed 
in  the  same  manner.  Tensile  strength  of  mortar  is  therefore  of  importance,  at 
least  when  metallic  web  reinforcement  is  not  provided.  No  noticeable  efifect  from 
the  so-called  "  plane  of  set "  was  found. 

11.  The  tests  of  beams  having  artificial  cracks  and  exposed  rods  give  results 
which  tend  to  confirm  the  analytical  basis  used  for  determining  stress  in  steel  and 
for  explaining  sUpping  of  bars  and  splitting  of  bars  away  from  upper  portion  of 
beam. 

12.  The  position  of  the  neutral  axis  found  for  the  various  beams  indicates 
that  for  a  limestone  concrete  of  the  proportions  used  the  value  of  the  initial  modulus 
of  elasticity  is  2,000,000  lb.  per  square  inch  or  less.  It  may  not  be  much  higher 
than  this  for  older  or  richer  concrete.  If  a  straight-line  stress-deformation  relation 
(constant  modulus  of  elasticity)  is  assumed,  the  value  may  well  be  less  than 
that  of  the  initial  modulus  of  elasticity  here  used. 

13.  Failure  by  splitting  of  the  bars  away  from  the  upper  portion  of  beam  must 
be  a  secondary  form  of  failure,  following  failure  by  diagonal  tension  or  other  form 
of  primary  failure. 

14.  In  all  tests  involving  a  determination  of  the  cause  of  failure,  care  should 
be  taken  to  distinguish  primary  failure  from  secondary  or  ultimate  failure.  While 
such  distinction  cannot  always  be  made,  the  value  of  the  conclusions  must  depend 
upon  the  accuracy  of  the  information  on  this  point. 

Figs.  607  to  617,  Appendix  VI,  give  diagrams  of  load  deformation  curves  and 
positions  of  neutral  axis  for  some  of  the  beams  tested. 

Professor  Talbot's  remarks  on  the  behaviour  of  the  test  beams  and  the  con- 
clusions he  draws  from  them  are  also  given  in  Appendix  VI. 


Professor  Turneaure's  Experiments 

These  were  made  on  plain  and  reinforced  concrete  beams  at  Wisconsin  Univer- 
sity, during  1902-1903. 

All  the  concrete  was  mixed  in  proportions  of  1  to  2  to  4,  the  stone  being  lime- 
stone crushed  to  pass  a  |  inch  mesh,  the  very  fine  dust  being  screened  out.  All 
the  beams  were  6x6  inch  section  and  were  tested  with  a  span  of  5  feet.  The 
rods  were  placed  from  f  to  1  inch  from  the  bottom,  and  where  bent-up  rods  were 
used  the  bend  was  made  10  inches  from  the  centre  of  the  span,  and  the  rods  were 
carried  up  to  within  |  inch  of  the  top  of  the  beam  over  the  supports.  The  stirrups 
were  of  |  inch  rods  spaced  3  inches  apart,  the  central  12  inches  being  without  stir- 
rups. For  half  the  beams  equal  loads  were  applied  at  points  of  ^  the  span,  and  for 
the  other  half  a  central  loading  was  used.  Table  XLI.  gives  the  details  of  the 
reinforcements. 
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TABLE  XLI 


No.  of 
Beam 


1  to4 
6to8 
9  to  12 
13  to  16 
17  to  20 
21  to  24 
25  to  28 
29  to  32 
33  to  36 
37  to  40 


Kind  of 
rod 


Elastic 

limit 

of  rods 


Size 

of 

rods 

inches 


No. 

of 

rods 


Method  of  reinforcing 


None 

^^a^ 

m^m^ 

—^ 

Plain  round 
>>         >» 

75,000 

* 

¥ 

4 
2 
4 

ft                  f9 

>> 

»> 

4 

Johnson 

Ransome 

Thacher 

Plain  round 

69,000 
73,000 
46.000 
76,000 

i 

f 

4 
2 
2 
2 
4 

Straight 

f> 

2  straight  and  2  bent  up 

All  straight  with  stirrups 

2  straight,  2  bent,  and  stirrups 

Straight 

>> 

>> 
All  straight,  with  stirrups 


Peroeatage 

of  Rein- 

foroement 


107 
0-97 
107 
107 
107 
0-8D 
0-98 
0-97 
107 


The  beams  loaded  with  a  central  load  were  all  one  month  old,  and  those  with 
2  loads  at  ^  points  were  three  months  old.  The  deformation  at  the  top  and 
bottom  were  measured  for  the  beams  loaded  at  ^  points  and  careful  observations 
for  cracks  on  the  tensile  side  were  made,  the  beams  being  moistened  to  show  up 
the  fine  hair  cracks  by  a  wet  streak  or  water  mark  on  the  surface  of  the  concrete. 

The  diagrams,  F^.  316,  give  typical  results  of  these  tests.  The  point  on  the 
curve  when  hair  cracks  first  showed  are  marked  W.M.  and  the  first  actual  cracks 
are  marked  C. 

The  elongations  at  the  hair  crack  and  visible  crack  were  very  irregular,  but 
Professor  Turneaure  points  out  that  the  first  visible  crack  shows  in  many  cases  in 
the  one  month  old  beams,  with  an  elongation  of  0*00035,  and  that  the  fine  hair  cracks 
occur  between  elongation  of  O'OOOIO  and  0*00020,  which  is  about  the  elongation  of 
plain  concrete  beams  at  rupture. 

He  concludes  from  this  that  M.  Considdre's  conclusion  that  the  concrete  still  offers 
resistance  in  tension  after  the  elongation  is  reached  at  which  a  plain  concrete  beam 
would  fail  is  erroneous.  M.  Considere  himself  points  out  that  small  invisible  cracks 
will  occur  during  the  hardening  of  beams  in  air.  These  invisible  cracks  which 
Professor  Turneaure  observed  are  probably  merely  surface  cracks  and  do  not  extend 
across  the  whole  width  of  the  beam,  but  are  frequently,  according  to  Professor 
Turneaure,  only  ^  inch  long  and  consequently  can  have  very  small  effect  on  the 
tensile  resistance.  There  seems  therefore  no  reason  to  doubt  M.  Considdre's  conclu- 
sions, particularly  having  regard  to  the  fact  that  after  subjecting  his  specimens 
to  great  elongations  M.  Considdre  cut  out  the  portions  under  greatest  tension  and 
subjected  them  to  considerable  flexure  before  failure.  The  final  failure  was  in  most 
cases  influenced  by  shearing  stresses,  the  rupture  occurring  outside  the  load  on  a 
diagonal  Une.  In  a  few  cases  the  vertical  cracks  opened  well  out  and  the  concrete 
failed  finally  in  compression.  No  trouble  was  experienced  from  the  slipping  of 
the  rods. 

The  position  of  the  neutral  axis  shown  on  the  diagrams  is  the  average  position 
over  a  length  of  14  inches  calculated  on  the  assumption  of  the  conservation  of  plane 
sections. 

The  dimensions  shown  at  the  bottom  of  the  diagrams  are  the  depths  of  the 
reinforcement  below  the  upper  surface  of  the  beams. 
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Professor  Marburg's  Experiments  on  Beams 

Professor  Edgar  Maxburg,  of  the  University  of  Pennsylvania,  made  tests  on 
32  8  X  8  inch  reinforced  beams  of  1  to  2  to  4  concrete,  the  broken  stone  being 
trap  rock  to  pass  a  f  inch  mesh.  All  these  beams  were  tested  at  thirty  days. 
Table  XLII.  shows  the  details  of  these  experiments ;  the  distance  h  is  that  from 
top  of  the  beam  to  the  centre  of  the  rods,  which  were  placed  1  inch  from  the  bottom. 
The  8-foot  beams  remained  in  the  moulds  for  about  a  week,  and  the  5-foot  beams 
for  about  three  days.  They  were  all  stored  in  air  in  the  laboratory  at  a 
temperature  of  about  70®  Fahr. 

TABLE  XLII 


1 

t 

Per- 

Average 

• 

Deflexions  in  terms  of 

centage 

Limit  of 

M 

M 

the  span 

No. 

Reinforcement 

Span 
Feet 

of 

Metal 
to  total 

Cross 
Section 

Elasticity 
of  Rods 
Pounds 

per  soueu^ 
inch 

At  first 

Visible 

Crack 

bh'^ 

At 

Failure 

1  over 

At  first  Crack 

At 
Failure 

1 

Plain  Square 

5 

117 

.  37,000 

Not  observed 

402 

Not  observed 

366 

2 

»>           f> 

5 

99 

99 

99 

354 

99 

404 

3 

>»           >> 

5 

99 

99 

99 

446 

99 

356 

4 

»>           >f 

8 

99            ' 

99 

»» 

488 

99 

248 

5 

99                       99 

8 

99 

99 

335 

427 

341 
341) 

214 

6 

»»                        »> 

8 

99 

99 

335  to  366 

412 

-    to  \ 

9Q2) 

205 

7 

Johnson  Bar 

5 

0-84 

63,000 

361 

432 

426 

323 

r455) 

8 

»>                        99 

6 

99 

99 

380  to  402 

456 

-    to 
Ul7,^ 
('807] 
■^  to  ( 
W09^ 

305 

•   0 

»»                       99 

5 

99 

99 

247  to  206 

391 

358  . 

r407) 

10 

9»                      f» 

5 

»f 

99 

380  to  402 

408 

\  to 
l37lJ 

371 

r640^ 

11 

*9                      >» 

8 

99 

f» 

244  to  274 

554 

- 

to 
532 

- 

150 

12 

99                        99 

8 

99 

99 

366 

585 

285 
1 368  J 

19i 

13 

Ransome  Bar 

5 

119 

52,000 

361  to  380 

396 

368 

/'579\ 

14 

»»                  n 

5 

99 

99 

340  to  323 

419 

-    to    - 

R11 

306 

15 

99                             99 

5 

9» 

99 

285 

342               577 

359 

16 

99                               99 

8 

99 

99 

335 

451               327 

193 

17 

fl                               »t 

8 

9» 

»» 

366 

534    ;           341 

154 

18 

Tha<»her  Bar 

5 

0-92 

29,600 

247 

304 

676 

317 

19 

99                          99 

5 

99 

»» 

247 

410 

781 
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20 

99                          99 

5 

99 

99 

247 

380 

780 
r434) 

304 

21 

»»                        99 

8 

99 

99 

305  to  335 

376 

J  to 
1 370  J 

- 

244 

22 

99                        99 

8 

99 

99 

335 

435 

382 

225 

r405] 

23 

99                        99 

8 

99 

99 

305  to  335 

390 

\  to 

- 

189 

(347) 
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The  first  indications  of  failure  were  very  minute  hair  craoks  across  the  bottom 
of  the  beam,  about  1  to  2  inches  long  and  from  1  to  4  inches  from  the  centre.  On 
increasing  the  load  others  soon  appeared  up  to  10  inches  on  each  side  of  the  centre. 
These  cracks  widened  and  lengthened  for  a  few  hundred  pounds  increase  of  the 
loading  and  then  in  the  majority  of  cases  remained  stationary. 

In  the  cases  of  the  beams  Nos.  15  and  16,  in  which  the  load  was  released  after 
successive  appUcation,  these  cracks  disappeared  entirely  during  the  release  of  the 
load. 

The  final  rupture  occurred  in  four  different  characteristic  ways  : — 

1.  Twelve  beams  failed  by  a  more  or  less  sudden  diagonal  crack  starting 
at  the  plane  of  the  rods  and  running  up  to  the  centre  at  the  top  at  a  mean  angle 
of  about  30  degrees  with  the  horizontal — a  failure  clearly  due  to  shearing.  In 
five  beams  the  shearing  crack  ran  along  the  plane  of  the  rods  from  the  diagonal 
crack  to  the  end  of  the  beam. 

2.  Seven  beams  failed  by  a  vertical  crack  starting  by  the  enlargement  of  a 
hair-line  crack  not  more  than  4  inches  from  the  centre. 

3.  Two  beams  failed  by  a  sudden  diagonal  crack  from  the  end  support  at  the 
bottom  to  the  centre  at  the  top. 

4.  Four  beams  failed  by  crushing  at  the  centre  at  the  top  after  the  vertical 
or  slightly  diagonal  crack  had  opened  out,  the  crack  ceasing  to  open  when  the 
crushing  began. 

In  the  case  of  beams  Nos.  1  and  18  the  adhesion  between  the  rods  and  the 
concrete  was  broken  by  the  crack  along  the  plane  of  the  rod,  and  the  rods  slipped 
in  consequence,  but  this  occurred  after  and  not  before  final  failure.  In  none  of  the 
other  beams  was  there  any  longitudinal  movement  of  the  rods,  although  careful 
observation  was  kept  on  the  ends  of  the  rods  to  ascertain  if  sUpping  occurred. 

In  the  beams  1  to  4  (those  first  tested)  the  hair-cracks,  which  were  always 
exceedingly  minute,  escaped  detection,  but,  for  all  other  beams,  they  were  care- 
fully watched  for.  In  some  cases  they  appeared  during  the  appUcation  of  the 
load,  in  which  cases  the  two  limits  between  which  they  occurred  are  given  in 
Table  XLII. 


Professor  Goetano  Lanza's  Tests  on  Beams 

The  composition  of  the  concrete  was  1  to  3  to  4  of  trap  rock  to  pass  1  inch 
screen,  and  the  beams  were  8  inches  wide,  12  inches  deep  and  11  feet  span,  with 
the  reinforcement  10 J  inches  from  top.  Table  XLIII.  gives  the  details  of  these 
experiments. 

1  Proceedings  of  the  American  Society  of  Engineers,  June  1903. 
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TABLE  XLin 


Percent- 

No.  of 
Beam 

Age 

in 

Days 

Kind  of  Rod 

No. 

of 

Rods 

Size 

of 

Rods. 

Inches 

ageot 
Rein- 
forcement 

^  XlOO 
on 

Method  of  Loading 

M 

1 

40 

None 

,    ^ 

None 

Centre 

54 

2 

40 

Kansome 

i 

007 

»» 

74 

3 

39 

i 

0-24 

At  third  points 

288 

4 

38 

i 

0-69 

Centre 

5G0 

5 

50 

i 

0-93 

9* 

603 

6 

50 

I 

1-22 

»f 

643 

7 

41 

n 

1-91 

»> 

526 

8 

41 

2 

1 

2-45 

»t 

761 

9 

42 

2 

u 

3-80 

l» 

944 

10 

1       42 

2 

li 

3-80 

79 

854 

11 

!       45 

2 

u 

3-80 

»« 

945 

12 

30 

> 

2 

li 

3-80 

At  t'lird  points 

660 

13 

31 

y 

2 

11 

3-80 

»»           »» 

790 

14 

30 

2 

li 

3-80 

99                         f9 

660 

15 

53 

Plain 

1 

1 

1-22 

>}                         *» 

425 

16 

49 

Ransome 

1 

1 

1-22 

*»                         >> 

456 

17 

43 

Plain 

2 

} 

1-38 

»>                         »> 

441 

18 

40 

Ransome 

2 

i 

1-38 

»>                          »> 

521 

19 

35 

Plain 

4 

i 

1-22 

»»                         »» 

450 

20 

33 

Ransome 

4 

i 

122 

>»                         »> 

516 

21 

57 

Plain 

1 

i 

007 

>»                          >» 

351 

22 

54 

Ransome 

2 

i 

1-87 

t»                         »> 

607 

23 

57 

Plain 

2 

I 

1-87 

»»                 r9 

554 

24 

47 

Ransome 

4 

i 

1-91 

f»                •• 

528 

25 

50 

Plain 

4 

i 

1-91 

**                      9* 

425 

26 

40 

Remsome 

2 

i 

1-38 

99                       >» 

671 

27 

49 

rt 

1 

1 

1-22 

f>                      99 

600 

All  beams  except  Nos.  1,  2,  3,  4,  19,  20,  21  and  22  failed  by  a  longitudinal  shearing  crack 
at  or  a  little  above  the  reinforcement  and  by  a  crack  extending  diagonally  (often  at  about 
45^  to  the  horizontal)  towards  the  centre  and  joining  the  top  of  the  beam  at  or  near  the  load. 
Beams  Nos.  1,  2  and  3  failed  by  a  vertical  crack  near  centre. 
Beam  No.    4  crushed  at  top. 

No.  19  failed  by  a  vertical  crack  about  18  inches  from  centre. 

No.  20  fculed  by  longitudinal  shear  alone. 

No.  21  failed  by  vertical  crack  at  one  of  loads  and  rod  pulled  through  (concrete 

was  insufficiently  packed  in  making). 
No.  22  failed  by  longitudinal  shear  (cracked  in  handling  22  inches  from  centre). 
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Fjo.  317 

f  Vertical  ^  inch  oorrugated  bars  placed  as  shown  but  not  attached  to  the  horizontai  ban. 
The  ends  of  bars  bent  up  vertically  as  shown  in  sketch  at  bottom. 
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Professor  M.  A.  Howe's  Experiments  on  Beams  ^ 

The  tests  on  these  beams,  the  details  of  which  are  shown  in  Fig.  317,  were 
made  at  the  Roe  Polytechnic  Institute,  Indiana,  U.S.A.  The  composition  of 
concrete  was  one  cement  to  seven  of  sand  and  stone.  Sand  had  a  small  per- 
centage of  yellow  clay  and  two  sizes  of  crushed  stone  were  used,  passing  1^  inch 
and  i  inch  screens  respectively.  The  bars  were  of  Johnson  type  with  an  elastic 
limit  of  60,000  poimds  per  square  inch. 


TABLE  XLIV 

Two  EQTTAii  Loads  Applied  Symmetrically  on  each  Side  of  the  Centre  of  the  Beam 

AT  Distances  shown  by  Dimensions  on  Fig.  317. 


M 

6A« 


No,  of 

Age  in 

Beam 

Days 

1 

74 

2 

76 

3 

72 

4 

73 

5 

71 

6 

71 

7 

60 

8 

115 

9 

29 

10 

29 

11 

78 

12 

78 

13 

70 

14 

68 

15 

77 

16 

77 

17 

77 

18 

76 

Distance  of 

Reinforce- 

Breadth 

ment  from 

Beam 

top  k 

4i 

12 

6; 

12 

Si 

12 

12| 

12 

8} 

12 

13 

12 

13 

12 

13 

12 

13 

12 

13 

12 

17i 

12 

17;: 

12 

17;: 

12 

17;: 

12 

17 

12 

12J 

12 

m 

12 

m 

12 

434 
453 
464 
473 
340 
300 
314 
325 
304 
341 
331 
321 
318 
280 
304 
385 
308 
358 


Beam  9  failed  by  compn^ssion  at  centre. 

iv>       >f  >»  »» 

14,  load  applied  and  removed  several  times,  failed  by  shearing. 

lo       »»  »»  »» 

17  failed  by  shearing. 


»f 


»» 


Herr  Sanders'  Experiments  on  Reinforced  Concrete  Beams 

Herr  Sanders,  of  the  Amsterdamsche  Fabrieken  van  Cement-ijzer  Werken, 
made  a  very  interesting  series  of  experiments  on  the  behaviour  of  reinforced  concrete 
beams,  which  clearly  show  that  the  concrete  in  tension  will  suffer  great  deformation 
without  cracking,  and  also  indicate  that  at  the  same  time  it  offers  considerable 
resistance. 

The  tests  were  made  on  beams  of  mortar  and  concrete  in  the  proportions  of 

1  :  2,  1  :  2  :  2,  1  :  3,  and  1:3:3  with  ratios  of  reinforcement  to  the  total 

area  of  the  piece  of  ^V»  tV»  6^o»  ^V*  ^^d  :fV»  ^^  ^^^  reinforcements  being  0*40  inches 

from  the  lower  surface,  the  side  under  tension  only  being  reinforced.     The  pieces 

Jiad  widths  of  46,  6*48,  6' 73,  and  7' 48  inches,  the  depth  of  4  inches  being  the  same 

*  Proceedings  of  the  Western  Society  of  Engineers. 
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in  every  case.    The  tests  were  made  at  various  periods  after  moulding,  the  usual 
periods  being  in  the  neighbourhood  of  30  days  and  92  days. 

In  thirty-two  cases  out  of  forty  tests  no  cracks  showed  on  the  tension  surface 
before  the  final  rupture,  although  the  finish  was  very  smooth  and  perfect,  and  the 
deflexion  varied  between  9  and  16' 5  miUimetres  in  a  span  of  2  metres.  In  ten 
others  the  final  rupture  occurred  immediately  after  showing  cracks  and  with  no 
further  increase  of  load.  The  remaining  eight  of  the  pieces  failed  first  by  flaking 
on  the  compression  side,  due  apparently  to  an  excess  of  tensile  reinforcement. 
The  failure  in  ten  cases  was  due  in  a  great  measure  to  shearing,  this  being  shown 
by  the  formation  of  the  cracks. 

Mr.  J.  Harding's  Tests  on  Shearing  in  Beams 

Some  very  interesting  tests  on  the  shearing  of  reinforced  concrete  beams  were 
described  in  a  paper  read  before  the  Western  Society  of  Engineers  by  Mr.  J.  T. 


iji^l^--- •• — •*< — ¥y — w-  — •^^^ — wjc 


bBUBSSS 

i JL 


ti.^,^.Jc- ^/^ ^^'^W''-J^ 

1 L 


Fig.  318 

^  Engineeriny  Record,  Nov.  11,  1905. 
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fif^    Harding  ^  on  October  25,  1905. 
^■|    I  These  experiments  were  carried  out 

iSJ  for  the  Chicago,  Milwaukee  and  St.  Paul 
Railway  on  beams  reinforced  with  about 
75  per  cent,  of  reinforcement  to  the  area 
of  concrete  above  the  centre  of  the  bars. 
The  concrete  was  mixed  in  the  propor- 
tions of  1  of  cement,  2  of  sand  and  5  of 
crushed  limestone  to  pass  a  2-inch  mesh, 
the  bottom  surface  to  the  top  of  the 
rods  being  formed  of  1  to  2  mortar  with- 
out any  stones. 

Sketches  showing  the  beams  tested 
are  given  in  Fig.  318,  three  of  each  kind 
being  experimented  upon.  The  deforma- 
tions at  the  upper  and  lower  fibres  were 
taken  on  one  of  each  kind. 

Table  XLV.  (page  273)  gives  the 
details  of  the  tests,  the  averages  of  each 
set  of  three  beams  being  taken. 

The  conclusions  arrived  at  from 
these  experiments  were  as  follows — 

1.  That  75  percent. of  reinforcement 
is  as  much  as  can  economically  be  used 
in  beams  sustaining  heavy  loads  €knd  sub- 
jected to  large  shearing  stresses. 

2.  Diagonal  reinforcements  should  be 
used  at  the  ends  of  all  large  concrete 
beams,  not  only  to  develop  the  full 
strength  but  also  to  prevent  sudden  failure. 

3.  The  diagonal  reinforcements 
should  be  brought  well  up  to  the  top  of 
the  beam  and  securely  anchored  against 
slipping. 
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TABLE    XLV 

No. 

oi 

Beam 

Descriptlou  of 
Reixiforoement 

Per- 
oentage 

of 

Rein- 

foroo- 

ment 

at 
Centre 
of  Span 

Maximum 
Tension  in 
Steel  from 
Deforma- 
tion. 
Pounds 
per  square 
incli 

Maximum 
Oompres- 
Bion  in 
Concrete 
from  De- 
formation. 
Pounds 
per  square 
inch 

Maximum 

End 

Shear. 

Pounds 

Maxi- 
mum 
Vertical 
Sliear. 
Pounds 

per 

square 

incn 

M 

Maximum 

Variations 

in  ultimate 

Bending 

Moment 

for  the 

3  Beams 

of  each 

Set 

Description  of 
FaUnre 

All     beams     showed 

1 

Ransome 

75 

31,500 

1.155 

22,325 

149 

249 

40% 

quick          difitgonal 
failure,     and     one 
showed    further    a 

2 

Ransome 

75 

60,300 

2,700 

34,875 

233 

302 

2i% 

horizontal  shearing 

along  the  bars. 

(All  beams  showed  a 

1  slow  diagonal  failure. 

^Two    beams    showed 

a    quick    diagonal 

failure,      one      de- 

veloping   a    crack 

3 

Ransome 

75 

61,200 

2,090 

43,225 

277 

444-5 

16% 

along  the  bars. 
The  other  beam  failed 
in     tension      with 
slow      compression 
failure  in  concrete 
at  ult'mate  load. 

1 

/'All    beams   failed   in 

4 

Kahn 

68 

36,900 

1,365 

28,525 

162 

232 

11°/       1      tension.       showing 
*  '^       1      slight   compression 
\     at  ultimate  load. 

/One     beam     showed 
1     slow  diagonal  fail- 
ure and  the  other 
two  a  slow  failure 
in  compression. 
TAII     beams     showed 

, 

5 

Johnaon 

72 

59,700 

2,140 

47,875 

272 

412 

12% 

6 

t 

Johnson 

72 

42,600 

1,560 

32,925 

192 

202 

33% 

a   quick     diagonal 
failure. 
1  All     beams     showed 

7 

Plain  round 

75 

37,200 

1,540 

25,810 

162 

1 

254 

42% 

1      a    quick    diagoncJ 
1      failure. 

8 

Plain  round 

75 

40,800 

1,610 

31,640 

198 

312 

6% 

( All  beams  showed  a 
I    slow  tension  failure. 
( All     becuns     showed 

9 

Johnson 

75 

36,600 

1,560 

35,860 

183 

261 

20%     '•!      a    quick    diagonal 
I     failure. 

1 
1 

y-All     beams     showed 
a    quick    diagonal 
1     failure. 

10 

1 

1 

Johnson 

75 

57,300 

2,590 

55.640 

300 

407-5 

6% 

4.  The  use  of  small  bars  is  preferable  ;  the  use  of  bars  larger  than  1  inch  is 
objectionable  both  from  theoretical  and  practical  standpoints. 

5.  The  ultimate  strength  of  a  reinforced  concrete  beam  is  reached  when  the 
steel  has  been  stressed  to  its  elastic  Umit. 

6.  The  location  of  the  neutral  axis  varies  with  the  amount  of  steel  and  the 
class  of  the  concrete.  With  75  per  cent,  of  reinforcement  and  with  average  con- 
crete the  distance  from  the  top  of  the  beam  to  the  neutral  axis  will  be  about 
one-third  the  distance  from  the  top  of  the  beam  to  the  centre  of  the  rods. 

7.  That  it  makes  very  little  difference  whether  the  distance  from  the  centre 

of  the  compressive  resistance  is  taken  as  two-thirds  the  distance  from  the  neutral 

axis  to  the  top  of  the  beam  as  for  a  triangular  distribution,  or  as  three-fifths  as  for 

a  paraly)lic  distribution,  the  difference  on  the  resulting  moment  being  less  than 

3  per  cent. 
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The  resistance  of  the  beams  reinforced  with  straight  bars  only  was  much  more 
variable  than  the  resistance  of  those  with  inclined  bars. 

In  one  beam  of  the  third  series  it  was  discovered  after  breaking  it  up  that  all 
except  the  outer  diagonal  bars  had  slipped  down  to  the  bottom  of  the  beam,  and 
the  failure  crack  extended  across  the  upper  ends ;  and  in  another  of  the  same  series 
the  failure  was  undoubtedly  due  to  the  slipping  or  pulling  out  of  the  diagonals. 
These  failures  indicate  the  necessity  of  extending  the  shearing  bars  as  close  up  to 
the  top  of  the  beam  as  possible  and  of  securely  anchoring  their  ends.  Beams 
No.  8  failed  apparently  by  the  rods  shpping  before  the  full  strength  of  the  concrete 
in  compression  was  developed ;  these  rods  had  a  3-inch  right  angle  bend  at  the 
ends,  and  in  one  case  the  concrete  was  broken  away  at  one  end  of  a  rod  clearly 
showing  that  the  rod  had  moved.^ 

The  interesting  results  of  these  tests  would  have  been  increased  if  some  experi- 
ments had  been  carried  out  on  beams  with  vertical  stirrups  as  shearing  reinforce- 
ment. ; 


Tests  of  Reinforced  Concrete  in  Direct  Tension  by  Le  Service  frangaise 

des  phares  et  balises 

The  French  service  of  lighthouses  and  beacons  made  a  series  of  experiments 
on  prisms  4*72  x  6*53  inches,  3-94  feet  long  between  the  enlarged  heads  for  the  ch'ps 
of  the  testing  machine.  The  prisms  were  of  neat  cement,  mortar  of  1,000  pounds 
of  cement  per  cubic  yard  of  sand  and  concrete  of  840  pounds  of  cement  to  i  a  cubic 
yard  of  sand  and  i  a  cubic  yard  of  pea  shingle.  The  area  of  these  prisms  was  31 
square*  inches.  The  elongation  was  measured  on  a  length  of  3*28  feet.  Round 
reinforcing  rods  were  placed  in  various  positions. 

M.  de  Joly  has  published  a  description  and  study  of  these  tests-  :  he  found 
that  for  a  piece  with  a  reinforcement  of  one  rod  at  the  centre,  the  measured  elonga- 
tion at  a  maximum  was  0*074,  while  the  calculated  deformation  was  0067,  on  the 
supposition  that  the  reinforcement,  and  the  surroimding  concrete,  elongate  the  same 
amount,  and  with  a  coeflEicient  of  elasticity  for  the  concrete  found  by  special  experi- 
ments with  similar  mixtures.  When  reinforcements  are  used  near  the  outer  sur- 
face the  stretching  is  less  than  the  theoretic  value,  and  the  elongation  decreases 
as  the  rods  are  farther  and  farther  removed  from  the  centre  of  the  piece  ;  the  cal- 
culated elongation  being  0*059,  whereas  the  measured  deformations  varied  between 
00562  and  0061.  The  load  was  not  increased  to  breaking,  and  the  observations 
were  made  with  about  ^  the  breaking  load. 

M.  de  Joly  considers  that  the  differences  shown  between  experimental  and  theo- 
retical research  can  be  explained  by  the  fact  of  the  load  being  applied  through  clips, 
causing  an  uneven  distribution  ;  the  load  being  greater  at  the  outer  edges  than  at  the 
centre  of  the  prism,  due  to  the  form  of  head,  the  deformation  was  therefore  greater 
at  the  sides  where  the  greater  stresses  occur,  than  at  the  axis  of  the  prism  where 
they  are  least,  and  consequently  the  axial  reinforcement  relieved  the  concrete  less 
than  the  reinforcements  at  the  outer  edges. 

M.  Christophe  does  not  think  this  explanation  suflEicient,  but  believes  that, 
besides  this  unequal  stretching  of  the  outside  and  central  portions  of  the  piece, 

*  This  was  in  all  probability  a  secondary  failure  due  to  the  splitting  away  of  the  concrete 
from  rods,  as  explained  by  Prof.  Talbot,  p.  259. 

»  Annales  des  Fonts  et  Chausies,  7th  S6rie,  Tome  16,  1898. 

274 


EXPERIMENTAL    RESEARCH   AND    DEDUCED   DATA 

the  metal  also  lags  behind,  forming  cone-shaped  depressions  in  the  surrounding 
concrete  (Fig.  319).  He  explains  this  by  stating  that  the  difference  between  the 
observations  and  the  theoretical  reasoning  proves  the  unequal  stretching  of  the 
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reinforcement  and  surroimding  concrete,  for,  if  the  metal  is  supposed  to  follow  up 
completely  the  elongation  of  the  concrete,  the  real  stretching  measured  at  the 
exterior  of  the  piece  A  A",  B,  B"  (Figs.  320),  must  in  all  cases  be  greater  than  the 
theoretic  elongation  A  A\  B  B'  ]  because  the  sum  of  the  tensions  produced  by  the 
elongation  which  brings  the  section  A  B  into  its  theoretic  position  A'  B'  \a  equal 
to  the  sum  of  the  tensions  produced  by  the  real  stretching  bringing  the  section  into 
the  curved  position  A"  C  B" ;  this  curve  must  therefore  cut  the  straight  line. 
If,  however,  the  real  elongation  is  less  than  that  arrived  at  theoretically,  it  is 
clearly  necessary  that  an  elastic  movement  of  the  metal,  in  the  concrete,  be  com- 
bined with  the  unequal  stretching  of  the  fibres.  Adopting  this  view  of  the  case, 
and  supposing  that  all  the  fibres  in  a  test  piece  of  plain  concrete  stretch  uniformly, 
M.  C!hristophe  points  out  that  with  the  axial  reinforcement  the  apparent  elongation 
at  the  exterior  would  be  greater  than  the  theoretical  stretching  (Fig.  321),  while 
with  two  reinforcements,  one  at  ea.ch  side,  as  shown  in  Fig.  322,  it  would  be  less, 
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and  that  the  measured  deformation  would  become  less  and  less  as  the  reinforcements 
approached  the  outer  edges. 

Many  other  authors  have  also  come  to  the  conclusion  that  the  deformation 
due  to  the  manner  of  application  of  the  load,  and  that  due  to  the  elastic  move- 
ment of  the  reinforcements  in  the  concrete,  act  together,  and  are  inseparably 
connected. 

Professor  Brik  says  on  the  subject,  in  a  paper  in  the  Oesterr.  Wechenschr.  /.  d. 
seffenih  Bairdienat  ^  :  "  Owing  to  the  great  difference  in  the  value  of  the  elastic  mo- 
duli of  steel  and  concrete,  shearing  stresses  are  induced  near  the  steel.  These 
stresses  cause  longitudinal  displacements  of  the  concrete  around  the  embedded 
steel,  which  will  take  place  even  when  sliding  is  prevented  by  the  adhesive  resistance. 
The  original  plane  section  thus  becomes  a  warped  surface  with  a  funnel-shaped 
depression  aroimd  the  steel  "  .  .  .  "  This  explains  the  fact  that  measurements  of 
elongations  taken  during  tests  show  an  advance  movement  of  the  surroimding 
concrete  relatively  to  the  elongation  of  the  steel." 

*  An  extract  of  which  appeared  in  the  Engineering  Record,  Aug.  23,  1901. 
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Experiments  on  Reinforced  Concrete  under  Direct  Compression 

The  tests  made  at  the  Watertown  Arsenal  and  published  in  the  Report  for  the 
year  1904  are  set  out  in  Table  XL VI.  The  reinforcing  bans  extended  from  end 
to  end  of  the  column,  but  there  were  no  horizontal  bindings. 

Professor  Gary,  of  the  Polytechnical  School,  Charlottenburg,  has  tested  a 
column  reinforced  on  the  Hennebique  system,  9-84  inches  square  and  10-56  feet 
high.  The  proportions  of  the  concrete  were  1  of  cement  to  4  of  gravel,  and  the 
column  was  reinforced  by  four  rods  of  1-18  inches  diameter  with  cross-pieces  of 
3*15  X  0-12  inch  plates  19*7  inches  apart.  The  sectional  area  of  the  rods  was  4*5  per 
cent,  of  the  concrete. 

The  test  was  made  three  months  after  moulding,  the  column  failing  imder  a 
load  of  3,640  pounds  per  square  inch  by  a  flaking  off  of  the  concrete  between  the 
cross-pieces,  due  to  the  swelling  of  the  column.  The  cross-ties  did  not  show  any 
signs  of  failure,  but  the  vertical  rods  were  bent  between  them.  This  test  shows  that 
a  column  reinforced  in  the  usual  way  with  longitudinal  rods  and  cross-ties  some 
distance  apart  will  always  fail  first  by  the  swelling  of  the  concrete  between  the  ties, 
when  there  is  no  flexure. 

The  Commission  on  Arches  of  the  Society  of  Austrian  Engineers  and  Architects 
carried  out  tests  on  thirteen  blocks,  some  of  which  were  15*75  inch  cubes,  and  others 
9-7  inches  square  by  3-28  feet  high.  The  concrete  was  mixed  in  the  proportions  of  1 
of  cement  to  3^  of  gravel,  and  the  reinforcements  were  on  the  Wayss  system,  being 
formed  of  a  series  of  small  diameter  vertical  rods,  placed  near  the  outer  surface  of 
the  concrete,  surrounded  by  wire  hoops  at  frequent  intervals  ;  the  tests  were  made 
at  periods  between  six  weeks  and  six  months  after  moulding.  The  total  amount 
of  metal  in  the  vertical  rods  was  about  1  per  cent,  of  the  cubical  contents  of  the 
block.    As  in  the  last  case,  no  failure  could  occur  by  flexure. 

The  least  load  to  produce  rupture  was  3,839  pounds  per  square  inch,  and  the 
first  signs  of  failure  showed  themselves  by  a  bending  of  the  vertical  rods  and  a 
shelling  off  of  the  exterior  concrete  ;  the  final  rupture  being  produced  by  the  interior 
portion  of  the  concrete  cracking  vertically. 

These  tests  indicate  that  the  wire  hooping  is  of  a  good  method  of  reinforcement, 
but  that  the  hoops  should  be  close  together. 

M.  Considire's  Experiments  on  Hooped  Concrete^ 

M.  Considdre  published  in  Le  Oenie  Civil,  November  and  December,  1902, 
and  January,  1903,^  a  series  of  articles  on  the  subject  of  hooped  compression 
members,  which  are  very  interesting  and  instructive.  After  pointing  out  the 
advantages  that  are  gained  by  the  prevention  of  the  swelling  under  compression, 
and  the  inadequacy  of  vertical  reinforcements  as  generally  employed,  he  gives  a 
description  of  his  experiments,  and  draws  certain  conclusions  therefrom. 

The  first  series  of  tests  were  on  small  prisms  of  mortar  1*6  inches  diameter, 
hooped  with  fine  wire.  The  deformations  were  not  measured,  and  the  results  given 
in  Table  XLVII  can  therefore  only  be  used  to  verify  the  resistance  to  crushing  or 
comparison  with  the  assumptions  to  be  made. 

^  A  very  intereeting  test  to  destruction  of  a  parabolic  "  bowstring  **  bridge  of  reinforced 
concrete,  with  a  hooped  compression  boom,  is  described  in  the  Appendix  I. 

*  An  extract  of  these  papers  appeared  in  the  Engineering  Record^  Dec.  20th  and  27th,  1902* 
and  January  10th  and  17th,  1903. 
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TABLE  XLVIT 


Weight  of  cement  per  cubic  yard  of  sand  in  pounds    . 
Age  when  tested  in  days  ..... 

Ratio  of  volume  of  iron  to  volume  of  concrete     . 
Resistance  to  crushing  in  pounds  per  square  inch  of 
total  section   ....... 

Ditto     ditto     of  concrete  not  reinforced  . 
Increase  of  resistance  due  to  the  hooping  . 
Product  of  the  ratio  of  iron  to  concrete  by  78»200  lbs. 
Ratio  of  the  values  of  the  last  two  lines     . 


676 

8 

002 

4.870 

569 

4,301 

1,564 

2-7 


675 

14 

003 

6,540 

711 

5,829 

2,346 

2-5 


676 

22 

004 

7,360 

853 

6,507 

3,128 

21 


676 

23 

002 

4,930 

853 

4,077 

1,564 

2-6 


730 

100 

0034 

10,500 

2,420 

8,080 

2,688 

3-0 


M.  Considdre  remarks  that  the  wire  employed  for  the  hooping  was  cold  drawn 
and  had  not  a  very  definite  elastic  limit ;  from  its  curve  of  deformation,  however, 
78,200  pounds  per  square  inch  appeared  the  proper  value,  and  is  taken  as  such.  It 
is  multiplied  by  the  ratio  of  iron  to  concrete  in  the  last  line  but  one,  giving  the 
compressive  resistance  which  the  same  amount  of  metal  would  give  if  it  were 
employed  as  longitudinal  reinforcements  instead  of  hoops.  The  last  line  gives  the 
coefficient  of  efficiency  to  resist  compression  of  the  metal  used  as  hooping,  as  against 
the  same  quantity  employed  in  the  form  of  longitudinal  rods. 

The  last  prism  was  the  only  one  which  had  time  to  set  to  almost,  if  not  quite, 
its  maximum  strength.  This  prism  gave  a  resistance  of  10,500  pounds  per  squaie 
inch,  with  a  volume  of  metal  0*034  of  the  total  volume  of  the  cylinder,  no  longitud- 
inal reinforcements  being  used. 

The  hooped  concrete  had  a  density  of  2*4,  and  that  of  iron  is  7*8  ;  the  ratio  of 
the  densities  of  the  two  materials  is  therefore  3*2.  To  compute  the  resistance  of  an 
iron  bar  of  the  same  weight  per  square  inch  of  section,  the  resistance  of  the  cylinder 
(10,500)  must  be  multiplied  by  3-2,  giving  a  resistance  of  33,600  pounds  per  square 
inch. 

The  resistance  of  a  riveted  iron  column  weakened  by  the  holes  wiU  not  be 
more  than  from  36,000  to  39,000  pounds  per  square  inch,  taking  the  total  sectional 
area.  It  may  therefore  be  said  that  a  cylinder  of  reinforced  concrete  of  the  nature 
of  that  shown  in  the  last  colunm  of  Table  XL VII,  with  the  small  proportion  of  0'034 
of  reinforcement  to  the  volume  of  the  concrete,  has  very  nearly  as  much  resist- 
ance as  that  of  a  riveted  iron  column  of  the  same  weight.  The  effects  of  the  hoop- 
ing are,  however,  less  advantageous  with  respect  to  the  coefficient  of  elasticity, 
and  consequently  to  the  resistance  against  yielding  by  flexure. 

To  study  the  question  of  the  resistance  to  flexure,  experiments  were  made  on 
long  members,  and  their  deformations  measured. 

A  series  of  experiments  were  made  on  thirty-eight  prisms  of  octagonal  section 
6*9  inches  diameter,  made  by  M.  Hennebique  of  concrete  in  the  proportions  of  660 
and  1,302  pounds  of  cement  to  J  a  cubic  yard  of  sand  and  1  cubic  yard  of  shingle. 
Some  of  the  prisms  were  of  plain  concrete,  and  others  had  various  forms  of  rein- 
forcement ;  some  had  a  length  of  1*64  feet  for  testing  the  resistance  to  direct  crush- 
ing, and  others  were  4*25  feet  long  for  the  study  of  the  elasticity  and  ductihty  of 
the  hooped  concrete.  Table  XVLIII  and  Fig.  323  give  the  results  of  these  experi- 
ments, and  the  particulars  of  the  columns  (Fig.  324)  show  the  results  of  the  experi- 
ments graphically ;  1,200  observations  were  made,  divided  into  six  groups  so  as  to 
bring  the  useful  information  into  a  small  compass. 
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Fig.  324  is  a  diagram  of  deformation  showii^  the  behaviour  of  the  six  prismB. 
The  figures  against  each  Une  are  the  proportion  of  the  volume  of  reinforcement  to 
the  total  volume  of  the  prism,  being  in  the  first  figure  for  the  longitudinals  and  in 
the  second  for  the  spirals. 

Group  No.  6  approaches  closely  the  manner  of 
reinforcement  usually  adopted  at  the  present  time. 

General  Properties  of  Ordinary  Reinforced 
and  Hooped  Compression  Members. — The  follow- 
ing phenomena  were  observed  during  the  above  experi- 
ments, but  no  special  instruments  were  used  for 
measurements. 

Group  No.  1  broke  suddenly  without  warning, 
and  the  failure  of  Group  No.  6  was  almost  as  sudden, 
the  breaking  load  for  the  latter  only  exceeding  that 
producing  the  first  cracks  by  7  per  cent.,  the  reinforcing 
rods  bending  outwards  between  the  belts  and  the  con- 
crete becoming  crushed.  (This  agrees  well  with  Pro- 
fessor Gary's  experiments  (p.  277),  showing  that  con- 
crete in  compression,  when  either  unreinforced  o^ 
reinforced  with  longitudinal  rods,  will  break  suddenlv 
with  a  very  sUght  deformation.) 
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Oroups  2,  3,  4  and  5  behaved  at  the  commencement  of  the  loadmg  like  the  other 
prisms,  showing  only  very  small  deformations  imder  light  loads,  but  this  quasi- 
elastic  period  was  not  terminated  by  the  sudden  failure  of  the  sx>ecimen.  The 
shortening  was  observed  to  increase  rapidly,  and  cracks  appeared  in  the  concrete 
covering  the  hoops,  which  gradually  increased  in  size. 

In  Group  No,  2,  cracks  appeared  under  the  comparatively  light  load- of  1,730 
pounds  per  square  inch,  and  soon  after  the  concrete  began  to  flake  off,  and  finally 
failed  between  the  spirals,  which  were  1-18  inches  apart.  There  was,  however, 
nothing  in  the  failure  to  show  that  the  metal  had  reached  its  elastic  Umit,  the  final 
failiu^  being  due  to  the  swelling  of  the  concrete.  In  the  case  of  Group  No.  3  the 
cracks  did  not  appear  till  the  pressure  amounted  to  2,480  pounds  per  square  inch, 
and  the  deformation  being  0*355  per  cent.  The  flaking  off  of  the  exterior  concrete 
commenced  later  than  in  Group  No.  2  under  a  pressure  of  5,400  pounds  per  square 
inch.  No  fracture  of  the  concrete  was  observed,  and  the  prism  did  not  fail.  Groups 
No8.  4  and  5  showed  cracks  under  a  pressure  of  2,900  and  3,360  pounds  per  square 
inch,  the  network  formed  by  the  spirals  and  longitudinals  appearing  to  have 
completely  resisted  the  lateral  failure  of  the  concrete. 

The  results  obtained  from  the  study  of  the  long  hooped  prisms  indicate  that  the 
failure  takes  place  only  after  deformations  as  great  as  3  per  cent,  of  the  original  length. 

The  conclusions  to  be  drawn  from  this  series  of  experiments  are  that  concrete 
not  reinforced,  or  reinforced  by  longitudinal  rods  only,  even  when  tied  together  by  cross- 
ties  spaced  much  nearer  than  is  usual  in  present  day  practice,  will  break  by  swelling 
under  small  deformations  and  without  warning ;  while  hooped  concrete  sustains 
unthoul  crushing  considerably  heavier  locals,  and  only  fails  a  long  time  after  cracks  in  the 
-surface  and  exaggerated  deformation  have  given  warning  of  the  danger. 

M.  Considere  remarks  that  with  spirals  spaced  not  more  than  ^  of  the  diameter 
of  the  turns  apart,  resistances  were  obtained  which  were  independent  of  the  spacing, 
but  that  on  the  other  hand,  as  regards  the  appearance  of  cracks  in  the  outer  layer, 
the  elasticity  and  the  resistance  to  flexure,  better  results  were  obtained  as  the 
spirals  were  closer  together,  and  that  the  best  results  were  found  when  longitudinal 
reinforcements  were  used  against  the  inside  of  the  spirals. 

These  facts,  and  others,  lead  to  the  adoption  of  a  spacing  of  the  spirals  of  from 
\  ^  tV  ^/  ^^^  diameter  of  the  turns,  and  the  use  of  longitudinal  reinforcing  rods.  Ex- 
periments on  prisms  of  quite  different  dimensions  have  proved  that  the  above  ratio 
holds  true,  almost  independently  of  the  absolute  values  of  the  dimensions. 

Ductility  of  Hooped  Concrete. — ^Numerous  experiments  proved  that  in 
hooped  prisms,  bent  under  great  pressures,  the  concrete  did  not  break,  and  main- 
tained its  cohesion. 

A  hooped  prism  of  concrete  in  the  proportions  of  840  pounds  of  cement  per  cubic 
yard  of  gravel,  was  subjected  to  a  pressure  of  7,940  pounds  per  square  inch  of  the 
original  section.  The  prism  became  very  bent,  the  greatest  deflexion  of  0-4  inches 
in  a  length  of  13  inches,  the  curvature  being  more  accentuated  in  the  central 
portions,  the  least  radius  being  about  2  feet.  Very  few  riveted  metaUic  pieces 
would  stand  this  flexure  without  failure.  The  stretched  fibres  showed  no  trans- 
verse cracks,  so  cannot  have  suffered  much  from  the  extension.  The  computed 
shortening  of  the  compression  fibres  gave  the  enormous  figure  of  17  per  cent. 

The  hooping  and  longitudinal  reinforcements  were  afterwards  removed,  and 
the  remaining  concrete,  4*25  feet  in  length,  bore  handling  without  breaking,  and 
required  55  pounds  applied  at  the  centre  of  a  3-61  foot  span  to  break  it  by  bending. 
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One  of  the  halves  of  a  prism  which  had  been  less  deformed  but  had  supported 
a  mean  pressure  of  7,940  pounds  per  square  inch  was  broken  by  bending,  and  showed 
a  calculated  tensile  resistance  of  250  pounds  per  square  inch,  which  differs  very 
little  from  the  initial  tensile  strength  of  the  concrete. 

Other  hooped  prisms,  after  being  similarly  tested  in  compression  after  the  re- 
moval of  their  reinforcements,  were  subjected  to  a  further  direct  compression.  One 
with  the  same  proportions  for  the  concrete  as  the  last-mentioned  only  bent  under  a 
pressure  of  6,970  pounds  per  square  inch  with  a  shortening  of  0*6  per  cent.,  and  after 
the  removal  of  the  reinforcements  possessed  an  average  compressive  resistance  of 
over  1,420  pounds  per  square  inch  ;  its  maximum  resistance  greatly  exceeding  this 
figure. 

Another,  of  which  the  concrete  was  proportioned  with  630  pounds  of  cement  per 
cubic  yard  of  gravel,  iwithstood  a  pressure  of  10,270  pounds  per  square  inch  with 
a  shortening  of  2*4  per  cent,  on  an  average  and  2*8  per  cent,  on  the  most  stressed 
side.  The  inside  cylinder  after  removing  the  spirals  sustained  a  pressure  of  9,700 
pounds  per  square  inch  on  an  area  of  10 }  square  inches. 

The  above  tests  show  that  hooped  concrete  will  tvithstand  considerable  shortening 
without  becoming  disinlegrtUed  and  retains  a  great  portion  of  its  original  resistance.  It 
seems  that  it  is  safe  to  deduce  from  this  that  within  the  limits  of  the  smaU  deforma- 
turns  of  actual  practice,  the  resistance  of  hooped  concrete  can  be  considered  constant 
after  it  has  reached  its  maximum. 

This  result  is  very  much  the  same  as  that  obtained  by  M.  Considere  for  tension 
on  reinforced  concrete.         os* 

The  Elastic  Behaviour  of  Hooped  Concrete. — M.  Considdre  made  a  great 
number  of  experiments  on  the  dastic  behaviour  of  hooped  concrete.  Tables  XLIX 
and  L  give  the  details  of  some  of  the  most  interesting.  All  the  prisms  were 
octagonal,  the  diameter  being  6  inches  and  the  length  4*25  feet. 


Detahj* 

TABLE  XLIX 
or  THE  Composition  or  the  Test  Pieces 

Proportion  of 
Cement  per 

Cubic  Yard  of 
Gravel 
Pounds 

Spirals 

Longitudinal  Rods 

No.  of  Prism 

• 

Diameter 
Inohee 

Spacing 
Inches 

Number 

Diameter 
Inches 

7 

8 

9 

10 

840 

>» 
420 

0-25 

»» 

0-79 
>> 

8 

» 
20 

8 

0-3125 
0-273 

Similar  results  might  have  been  expected  from  these  tests,  but  the  facts  proved 
otherwise.  With  Prism  No.  7,  for  pressures  below  2,845  pounds  per  square  inch, 
the  coefficient  of  elasticity  proved  to  be  7-11  x  lOS  while  for  Prism  No.  8,  which  was 
identical,  its  value  was  only  2-85  x  10«.  This  difference  was  due  to  the  quantity 
of  water  used  in  mixing  the  concrete,  which  was  excessive  for  Prism  No.  8. 

M.  Considere  points  out  that  the  first  lesson  to  be  learnt  from  these  experi- 
ments is  the  irregularity  of  the  concrete  which  may  arise  if  proper  supervision  is 
not  observed.  The  "  elastic  Umit  "  and  the  resistance  against  crushing  were  almost 
independent  of  the  amount  of  water  and  varied  very  much  according  to  the  pror 
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portion  of  cement  used,  while  the  coefficient  of  elasticity  is  greatly  influenced  by 
the  amount  of  water,  but  hardly  at  all  by  the  proportion  of  cement.  The  curves 
of  deformation  follow  closely  those  obtained  for  plain  concrete.  During  loading 
and  unloading  the  deformations  show  a  permanent  set,  which  increased  if  the  same 
load  was  repeated,  but  in  a  less  and  less  degree,  and  rapidly  approaching  its  final 
limit.  A  reduction  in  the  temporary  deformation  is  obtained  during  the  loadings 
and  unloadings  subsequent  to  the  first,  which  appreciably  increases  the  coefficient 
of  elasticity,  a  result  also  very  similar  to  that  obtained  by  tests  on  plain  concrete. 
A  more  important  result  is  however  observed  from  the  curve  of  deformations. 
It  will  be  noticed  (Fig.  326)  that  the  curves  turn  their  concave  side  to  the  axis  of 
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pressures,  whereas  it  is  turned  the  opposite  way  in  the  curves  for  the  first  applica- 
tion of  the  load.^  (This  is  more  clearly  seen  in  Fig.  324.)  It  follows  that  the  co- 
efficient  of  elasticity  which  is  represented  by  the  inclination  of  the  tangent  to  the  curve 
of  deformation  increctses  with  the  pressure  in  the  unloading  and  reloading  instead  of 
decreasing  with  an  increase  of  the  had  as  under  the  first  application. 

The  flexiure  of  a  column  is  to  be  feared  imd^  high  pressures.  It  is  therefore 
unfortunate  that  the  coefficient  of  elasticity  ^  which  is  directly  proportional  to  the  column 
resistance^  decreases  with  the  increase  of  the  pressure  under  the  first  application  of  the 
load  ;  on  the  other  hand,  it  is  especially  fortunate  thai  hooped  concrete,  after  having 
been  subjected  to  a  first  loading,  has  a  coefficient  of  elasticity  which  increases  with  the 
pressure,  a  fact  whicH  has,  to  M.  CJonsidere's  knowledge,  never  been  observed  for 
other  materials. 

A  special  and  carefully  conducted  experiment  was  made  to  place  these  facts 

more  clearly. 

Fig.  325  shows  the  curves  of  deformation  obtained,  and  Table  LI  gives  the 

resulting  coefficients  of  elasticity. 


>  The  curve  for  the  first  loading  in  Fig.  325  appears  concave,  hut  is  really  almost  a  straight 
line.  The  curves  (Fig.  324),  which  are  all  for  fibrst  loadings,  are  more  pronounced,  as  the 
elongations  are  plotted  to  a  larger  scale  than  those  of  Fig.  325. 
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TABLE  LI 

Preesoree,  Pounds  per  Square  Inch 

856 

1.980 

4,270 

6,830 

CoefficientB  of 
elasticity 

First  loading 
Unloadings  and  reloadings 

218x108 
1-99  xl0« 

0-85  X 108 
»4-91  X  10« 

038  X  10« 
2-42  X  108 

0-28  X 108 
3-27  X 108 

After  the  high  pressure  of  10,290  pounds  per  squaxe  inch  had  been  applied  it 
was  taken  off,  and  it  was  found  that  the  coefficient  of  elasticity  was  as  high  as  after 
the  application  of  the  lightest  pressures. 

For  the  sake  of  simplicity  only  the  average  of  the  two  last  operations  is  given 
in  Table  LI. 

Reviewing  the  results  of  these  experiments,  it  may  be  stated  that,  the  appli- 
cation  of  a  first  pressure  on  a  hooped  prism,  no  matter  how  high  that  pressure  may  6e, 
has  the  effect  of  raising  its  "  elastic  limit  ^^  up  to  that  pressure.  The  coefficient  of 
elasticity,  which  is  developed  by  the  hooped  concrete  under  aU  the  variations  of  the 
pressures  between  the  lowest  and  the  previously  applied  load,  is  higher  than  the  highest 
coefficient  of  elasticity  which  the  prism  had  prior  to  the  first  load  and  which  held  only 
for  a  law  pressure.  The  increase  in  the  coefficient  of  elasticity  of  the  tested  concrete 
after  the  first  load  had  been  applied  compared  with  that  before,  is  so  much  the  more  the 
poorer  the  concrete  was  made  and  the  lower  its  quality. 

Hooped  concrete  does  not  show  in  this  respect  any  likeness  to  reinforced  con- 
crete under  tension,  where  the  coefficient  of  elasticity  decreases  considerable  after 
appreciable  deformations,  and  the  more  so  the  greater  these  deformations  have 
been.* 

Elasticity  and  Resistance  of  the  Concrete  in  Hooped  Members. — ^To  find 
the  real  effect  of  the  hooping  on  the  prisms  it  would  be  best  to  make  identical 
prisms  with  and  without  hooping,  but  this  is  rendered  impossible  by  the  nature  of 
the  materials. 

Two  methods  were  used  for  this  purpose  by  M.  Considere — 1.  By  preparation 
of  as  nearly  identical  prisms  as  possible,  and  correcting  their  differences.  2.  By 
testing  the  prism  with  its  spirals,  and  then  again  after  their  removal. 

1.  The  following  points  were  noticed  in  the  case  of  the  identical  prisms.  At  the 
commencement  of  the  loading  the  spirals  are  not  really  tight  on  the  concrete,  as 
the  contraction  during  the  setting  in  air  decreases  the  diameter  of  the  core.  The 
effect  of  the  hooping  is  shown  more  quickly  in  the  subsequent  unloadings  and 
reloadings  after  the  first  load  which  produces  the  proper  contact. 

The  load  required  to  produce  proper  contact  between  the  spirals  and  the  con- 
crete is  about  220  pounds  per  square  inch. 

This  explains  the  increase  of  the  coefficient  of  elasticity  due  to  the  hooping, 
which  is  equal  to  90  per  cent,  of  that  which  would  be  obtained  by  an  equal  weight  of 
longitudinal  reinforcing  rods  during  the  first  loading,  and  double  that  which  would 
be  obtained  from  using  these  during  the  subsequent  loadings  and  unloadings. 

The  conclusions  derived  by  M.  Considere  from  these  later  experiments  were  that 

*  This  coefficient  of  4-91  X  10*  is  converted  from  M.  Considere' s  figure,  which  is  probably 
a  misprint  and  should  be  2*06  x  10*. 

*  M.  Considere  refers  here  to  tension  members  reinforced  with  straight  rods  in  the  ordinary 
way.  It  is  probable,  however,  that  different  results  might  be  obtained  if  the  tension  member 
^rere  reinforced  in  such  a  way  that  the  tensile  stress  on  the  metal  would  cause  the  concrete  to 
become  compressed,  as  is  the  case  in  some  degree  with  "  expanded  metal.** 
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ihe  hoops  only  begin'  to  be  seriously  stressed  under  the  first  application  of  the  load  on 
prisms  hardened  in  air  when  the  longitudirud  rods  have  already  passed  their  da^tc 
limit  and  are  almost  at  their  uUim/ite  strength,  and  consequently  can  offer  no  further 
resistance.  M.  Considdre  further  remarks  that  it  is  easy  to  understand  why  the 
action  of  the  hoops  extends  through  a  wider  range  than  that  of  the  longitudinal 
rods.  The  elongation  of  the  spirals  is  caused  by  the  swelling  of  the  concrete,  which 
is  comparatively  small,  and  varies  between  0*3  and  0*4  of  the  longitudinal  shortening. 
This  explains  the  great  deformation  which  can  take  place  in  hooped  concrete  without 
injmry  to  either  the  concrete  or  the  metal. 

With  pieces  hardened  in  water  the  concrete  will  expand,  puttmg  an  initial 
tension  on  both  the  hoops  and  the  longitudinal  rods,  the  hoops  being  stressed  still 
higher  on  the  application  of  the  load,  while  the  longitudinal  rods  must  have  their 
initial  tension  overcome  before  they  can  be  called  upon  to  take  up  the  compression. 
Whereas  a  first  or  test  loading  is  required  for  hooped  pieces  hardened  in  air  to 
^ause  them  to  act  efficiently  under  subsequent  loadings,  and  giving  them  a  higher 
coefficient  of  elasticity,  it  is  probable  that  similar  results  would  be  obtained  without 
the  test  loading  if  the  hooped  pieces  could  be  kept  in  water,  or  moist  air,  during  a 
period  of  time  before  exposing  them  to  the  air. 

2.  The  elasticity  and  resistance  of  the  same  core  of  concrete,  first  hooped, 

and  then  after  the  removal  of  the  hooping,  were  comp^oed, 
and  the  results  are  shown  in  Fig.  326. 

The  curve  A  shows  by  its  ordinates  the  resistance  offered 
by  the  hooped  core,  the  curve  B  shows  the  resistance  after 
the  removal  of  the  hooping,  and  the  curve  C  has  for  ordin- 
ates the  difference  of  the  ordinates  of  the  curves  A  and  B, 
showing  the  increase  in  the  resistance  due  to  the  hooping. 
These  experiments  showed  that  concrete  which  has  been  loaded 
when  hooped  has,  after  the  removal  of  the  spirals,  a  resistance 
which,  after  attaining  a  certain  amount,  remains  constant,  nci- 
withstanding  the  increase  of  the  deformation,  at  any  rate  unihin 
""'"^^ '  *■  wide  limits ;  and  that  the  previous  compression,  while  hooded, 

•  326  g^^-^^    ^^g    concrete,  besides  a  greater  ductility,   an  increased 

resistance  of  about  50  per  cent. 
M.    Considdre   has    made  further  experiments  on    hooped  concrete  prisms, 
A^hich  completely  bear  out  his  former  results,  and  may  be  compared  with  those 
mentioned  previously.     He  constructed  an  octagonal  prism  19«69  inches  long,  the 
diameter  being  4*33  inches. 

The  proportions  of  the  concrete  were  1,000  poimds  of  Portland  cemeiit  to  0*90 
•cubic  yards  of  slungle  to  pass  a  1  inch  ring  and  0*30  cubic  yards  of  \  inch  sand. 
The  spirals  were  of  iron  wire  0*17  inches  diameter  rolled roimd  a  cylinder  of  3-77  inches 
<liameter,  with  a  pitch  of  0*7 1  inches.  There  were  also  eight  longitudincJs  of  the  same 
sized  wire.  The  total  section  area  of  the  prism  was  15*5  square  inches,  and  the 
area  of  the  circle  enclosed  by  the  spirals  11*1 6  square  inches.  The  proportions  of 
the  volume  of  the  reinforcement  to  the  total  volume  of  the  prism  was  0-035,  that 
of  the  spirals  being  0-024,  and  that  of  the  longitudinals  0-011. 

The  first  sign  of  failure  by  the  flaking  off  of  the  outer  shell  occurred  under 
a  load  of  3,410  pounds  per  square  inch  of  total  section.  And  the  final  failure  by 
bending  occurred  at  a  load  of  12,691  pounds  per  square  inch  on  the  section  surrounded 
by  the  spirals ;  no  absolute  breaking  occurred. 
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A  eimilar  prism  without  reinforcement  failed  under  a  load  of  2,337  pounds  per 
square  inch. 

A  second  prism  with  the  same  proportions  of  concrete,  but  of  lai^er  dimensions, 
faas  also  been  tested  by  M.  Consid^re.  The  length  and  shape  were  the  same,  but 
the  total  sectional  area  amounted  to  131  square  inches,  and  that  of  the  cylinder 
enwrapped  by  the  spirals  to  88-7  square  inches.  The  spiral  reinforcement  consisted 
of  0-39  inch  diameter  iron  wire  wound  round  a  circle  of  10-63  inches  diameter  with 
a  pitch  of  1*46  inches.  There  were  also  eight  longitudinals  of  0-59  inches  diameter 
iron  wire.  The  proportion  of  the  volume  of  reinforcement  to  the  total  volume 
of  the  prism  was  0-0367,  that  of  the  spirals  being  0-022,  and  that  of  the  longitud- 
inals 0-0167. 

Thepiismfailedbythebreakingof  one  of  the  spirals  under  a  load  of  9,271  pounds 
per  square  inch  of  the  section  enclosed  by  the  spirals.     The  shortening  of  the  prism 
42^ 
lOOO- 

M.  Consid^re  points  out  that  the  resistance  of  0-39  inch  wire  would  be  less  per 
millimetre  than  that  for  a  0-17  inch  wire. 

M.  Considere  has  further  experimented  on  hooped  hollow  columns,  and,  as 
might  be  expected,  has  found  that  hooped  pieces  must  be  solid,  or  at  any  rate  not 
have  hollows  of  any  considerable  size. 

Mr.  W.  Dunn,  one  of  the  authors,  with  the  co-operation  of  Messrs.  Cubitt  & 
Co.,  has  made  and  tested  two  hooped  columns  such  aa  recommended  by  M.  Con- 
sidere, but,  whereas  the  columns  tested  by  M.  Considere  were     " 
at  small  dimensions,  Mr.  Dunn's  columns  were  such  as  would 
be  employed  in  practice. 

The  columns  were  of  octagonal  section  of  the  dimensions 
^hown  (Fig.  327)  and  10  feet  in  height.  The  reinforcement 
of  the  first  column  tested  consisted  of  eight  vertical  wires  J-f 
inch  diameter  extending  for  the  full  height  of  the  column 
These  were  hound  round  spirally  with  j|-inch  wire,  the  length  of 
the  wire  employed  for  the  spiral  being  227  feet.  The  volume  of 
longitudinals  is  therefore  0-42  per  cent.,  and  that  of  the  spirals  'i 

0'30  per  cent,  of  the  total  volume  of  the  concrete.    The  wire  ''°' 

was  first  wound  closely  round  a  drum  and  was  then  allowed  to  spring  out  to  the 
1 
^28 

recommends  |  to  -j',^),  the  wire  worker  having  no  difficulty  in  arranging  this.  Both 
sets  of  wire  were  of  mild  steel,  and  the  verticals  and  spirals  were  bound  together 
with  fine  wire  at  the  crossings  to  keep  them  in  position  while  the  column  was  moulded. 
The  diameter  of  the  spiral  was  9i  inches.  The  moulding  was  done  vertically,  in 
6-inch  layers,  and  rammed  with  a  wooden  rammer  8  inches  in  diameter. 

The  concrete  was  mixed  in  the  proportions  of  1  of  Portland  cement  to  2  of 
Leighton  Buzzaid  sand  and  2}  of  pea  shingle,  or  about  970  pounds  of  Portland 
cement  to  0-83  cubic  yards  of  sand  and  1  cubic  yard  of  shingle. 
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The  column  was  kept  in  the  mould  for  five  days,  and  was  then  removed  and 
stored  in  wet  sawdust  for  a  further  period  of  56  days.  It  was  then  tested  hori- 
zontally in  a  machine  by  Messrs.  Kirkaldy,  the  effect  of  the  bending  due  to  its  own 
weight  being  counteracted  by  a  weight,  equal  to  half  the  weight  of  the  column, 
acting  upwards  at  the  centre.    The  second  column  was  made  and  tested  at  a  later 
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Reduction  in  Length  in  Inches. 
Col.  A. — Age  2  months — diameter  of  core,  9  inches  ;    length,  10  feet ;  spirals,  0*12  inch  diameter, 
\\  inch  pitch;  eight  verticals,  \  inch  diameter. 

Col.  B. — Age  2  months— diameter  of  core,  9  inches;  length,  10  feet;  spirals,  0-21  inch  diameter. 
\\  inch  pitch ;   eight  verticals,  \  inch  diameter. 

Col.  C. — Age  2  months — diameter  of  core,  9  inches;  length,  7*6  feet ;    spirals,  0*12  inch  diameter, 
1}  inch  Ditch ;  eight  verticals,  \  inch  diameter. 

Fio.  328 


date  and  in  the  same  manner.  In  this  case,  however,  while  the  dimensions  of  the 
column  were  kept  the  same,  the  sizes  of  the  reinforcements  were  increased,  the 
spirals  being  0*21  inches,  and  the  longitudinals  \  inch  diameter.  The  spacing  of 
the  spirals  was  again  1^  inches.     The  volume  of  the  longitudinals  was  1*00  per 
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cent.,  and  that  of  the  spirals  0*65  per  cent,  of  the  total  volume  of  the  column.  When 
this  column  was  tested  the  portion  of  the  former  column  which  had  failed  was  cut 
away  and  the  shortened  column  re-tested. 

The  gradual  shortening  of  the  columns  under  an  increasing  load  is  shown  in 
the  diagram  (Fig.  328).  The  several  colunms  being  marked  A,  B  and  C,  C  being 
A  as  re-tested.  The  stresses  being  those  i)er  square  foot  of  section  within  the  spiral 
windings,  the  portion  outside,  not  being  reinforced,  does  not  add  materially  to  the 
resistance,  and  is  only  necessary  as  a  protective  coating.  This  diagram  shows 
that,  for  column  ^,  as  in  the  case  of  M.  Considere's  tests,  there  is  a  great  shorten- 
ing at  first  imder  Ught  load  due  to  the  particles  taking  a  permanent  set  amongst 
themselves  and  to  the  concrete  taking  up  its  bearing  against  the  spirals.  The 
proportion  of  the  volumes  of  the  reinforcements  with  respect  to  the  toUd  volume 
of  the  concrete  was  0*0042  and  001  for  the  longitudinals  and  00030  and  00066  for 
the  spiral  in  columns  -4  or  C  and  column  B  respectively.  It  will  be  seen  that  the  pro- 
portions of  reinforcements  were  in  both  colunms  much  less  than  in  M.  Consid^re's 
tests  (Fig.  324).    This  accounts  for  the  difiference  in  resistance. 

At  about  780  pounds  per  square  inch  on  column  A,  the  shortenings  became 
regular,  i.e.  the  stress  and  strain  were  proportional.  This  continued  up  to  about 
2,020  pounds  per  square  inch,  when  the  outer  casing  of  the  concrete  outside  the 
spirals  began  to  crack  (it  will  be  noticed  that  this  is  about  the  resistance  under 
direct  compression  for  concrete  not  reinforced).  The  shortening  then  increased 
more  rapidly  than  the  load.  When  failure  occurred,  at  2,815  pounds  per  square 
inch,  it  was  local  and  near  one  end  where  the  outer  casing  flaked  oflE  (vide  Fig.  329). 
The  spiral  wire  broke  in  two  places,  showing  the  characteristic  reduction  of  area 
at  the  point  of  fracture,  and  the  longitudinal  wires  bulged  outwards  at  the  point 
of  fracture.  The  concrete  at  this  place  proved  exceedingly  friable,  and  easily 
rubbed  off  with  the  fingers,  the  sand  seeming  to  be  not  as  sharp  as  required  in  the 
best  concrete  work. 

The  failures  of  these  columns  were  gradual,  and  even  after  the  failure  the 
two  portions  of  the  first  column  were  sufficiently  held  together  by  the  eight  longi- 
tudinal wires  to  permit  of  the  column  being  slung  out  of  the  machine  as  one  piece, 
by  means  of  a  rope  sling  round  its  centre.  Fig.  329  shows  views  of  the  columns 
after  failure.  The  columns  were  made  by  men  having  no  special  experience  in 
reinforced  concrete  construction,  and  under  no  specially  skiUed  supervision. 

It  will  be  noticed  that  the  diagram  (Fig.  328)  is  very  similar  to  those  obtained 
by  M.  Considere  (Fig.  325).  The  coefficient  of  elasticity  of  column  A  appears  to 
have  a  constant  value  of  3-18  x  10*.  between  pressures  of  780  and  2,020  pounds 
per  square  inch,  and  that  for  column  B,  a  constant  value  of  3-30  x  10*  between 
the  pressures  of  1,090  and  2,180  pounds  per  square  inch,  the  two  coefficients  being 
almost  identical. 

The  volume  of  reinforcements  in  column  A  was  only  0*0072  of  the  toUd  volume 
of  the  concrete,  whereas,  it  wiU  be  seen  on  reference  to  M.  Considere's  experi- 
ments that  the  proportions  used  in  his  series  of  tests  for  one  loading  were  from 
0-0332  to  0-0376  (vide  Fig.  323),  and  from  0-035  to  0-0387  in  the  later  ones.  In 
column  A  the  volume  of  spirals  was  0-0030  of  the  volume  of  the  concrete,  and  in 
M.  Considdre's  this  proportion  varied  between  0-0203  and  0-0267  in  the  first  series 
of  experiments,  and  from  0-022  to  0-024  in  the  later  experiments.  This  difference 
in  the  percentage  of  reinforcement  accounts  for  the  fact  that  column  A  failed  under 
a  load  of  2,816  pounds  i)er  square  inch,  and  M.  Considere's  at  loads  of  from  4,550 
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to  5,400  pounds  per  square  inch  in  his  first  experimemts,  and  from  9,271  to  12,691 
for  his  later  experiments  ;  Mr.  Dunn's  columns  failing  by  the  spiral  wires  breaking. 
This  variation  in  results  points  to  the  conclusion  that  the  area  of  both  reinforce- 
ments should  have  been  more  than  allowed  for  column  A.  For  column  B  the 
proportional  area  of  the  longitudinal  and  spiral  reinforcements  was  increased  to 
0-0065  and  0-01  respectively,  and  a  much  better  result  of  4,714  pounds  per  square 
inch  was  obtained  at  failure. 

The  following  table  shows  the  proportions  of  concrete  used  in  the  various 
tests.  The  comparative  poorness  of  Mr.  Dunn's  concrete  will  also  partly  account 
for  the  lower  results  obtained  in  his  experiment. 

TABLE  LH 


Portland  Ceraent, 
Pounds 

Sand, 
Cnbio  Yaidfl 

Shingle 
Cubio  Yards 

M.  Considere's  first  tests          • 

ilr.  Dimn's  tests     .          •         •         • 

1,320 

1,110 

970 

0-6 

0-33 

0-83 

1 

1 
1 

It  will  also  be  noticed  that  in  Professor  Gary's  experiments  on  columns  rein- 
forced with  longitudinal  rods  and  cross-pieces,  the  failure  occurred  at  a  load  of 
3,640  pounds  per  square  inch ;  but  in  this  case  the  area  of  reinforcement  in  the 
vertical  rods  was  0*045  that  of  the  concrete,  and  the  test  was  made  three  months  after 
moulding,  whereas  columns  A  and  \B  were  tested  after  a  period  of  two  months. 

In  the  experiments  by  the  Commission  on  Arches  on  columns  reinforced  by 
vertical  rods  with  hoops  at  frequent  intervals,  the  load  at  failure  was  3,829  pounds 
per  square  inch,  but  the  proportion  of  metal  in  the  vertical  rods  alone  was  0-01 
of  the  volume  of  the  concrete,  and  to  this  the  proportion  of  the  hoops  should  be 
added  for  making  a  comparison. 


Change  of  Volume  while  Setting  due  to  Hygrometrical  Conditions. 

M.  Considere  has  made  a  valuable  series  of  experiments  on  the  behaviour  of 
3»lain  and  reinforced  pieces  setting  in  water  and  in  air. 

The  variations  in  the  length  of  the  test  pieces  were  carefully  measured  by  a 

micronieter,  indicating  to  —  of  a  millimetre.  Table  LIII  gives  the  results  obtained 

itOTa  four  prisms  while  setting  imder  water. 

TABLE  Lin 
Behavioxtb  ot  Fkisms  vnoLE  Setting  tikdeb  Wateb 

1 


Elongations  in 


100,000 


of  the  original  length 


l^umber    of    days 

1 

2 

1 
3 

1 
4 

5 

6 

7 

14 

21 

28 

35 

42 

49 

66 

63 

after  moulding 

7 

16 

21 

27 

32 

37 

41 

77 

78 

78 

l^eat       )  Plain  .      . 
Clement  /  Reinforced 

59 

69 

73 

76 

79 

2 

3 

4 

6 

6 

8 

9 

13 

16 

18 

20 

21 

22 

22 

22 

^j-  -X  -   1  Plain  . 
*^'**'  /  Reinforced 

3 

10 

13 

15 

17 

18 

19 

20 

22 

24 

26 

27 

27 

27 

28 

2 

2 

2 

3 

3 

3 

4 

4 

4 

4 

5 

6 

5 

5 

6 

291 


n 


REINFORCED   CONCRETE 

The  mortar  was  mixed  in  the  proportions  of  920  pounds  of  cement  to  a  cubic 
yard  of  silicious  sand,  and  the  reinforcement  consisted  of  an  iron  rod  0*4  inchn 
diameter.    The  size  of  the  prisms  was  2*36  x  0*98  inches  by  23*6  inches  in  length. 

It  was  found  that  cement  not  reinforced  extends  about  of  the  orieinal 
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in  two  to  three  years.     The  extensions  of 
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lemrth  in  one  year,  and  - — -  to  tt:z:^ 
^  ^  1000        1000 

the   mortar   appear  to  be  about  one-third  those  of  neat  cement. 

The  mean  calculated  stresses  produced  by  the  elongation  in  the  reinforced 
neat  cement  were  about  6,256  pounds  per  square  inch  tensile  stress  in  the  reinforce- 
ment and  360  pounds  per  square  inch  compressive  stress  in  the  cemsnt,  with  maximum 
stresses  at  the  centre  of  the  prism  of  7,821  and  455  pounds  per  square  inch  respect- 
ively. For  the  mortar  the  mean  tensile  stress  in  the  reinforcement  due  to  the  elonga- 
tion was  1,706  pounds  per  square  inch,  and  the  mean  compressive  stress  in  the  con- 
crete was  100  poimds  per  square  inch,  with  a  probable  maximum  at  the  centre  of 
the  prism  of  about  130. 

Varying  the  proportion  of  metal  to  the  concrete  the  extension  of  the  reinjorcer 
ment  increased  vnth  the  decrease  in  the  percentage  of  metal  to  the  total  area  of  concrete. 
Prisms  setting  in  air  instead  of  expanding  Uke  those  hardening  under  water  will 
contract,  but  according  to  a  less  regular  law. 


TABLE  LIV 


BSHAVTOUB  OF   FbISMS   WHILE   SETTINa  IN   AlB. 


Contradiona  in 


100,000 


of  the  original  length 


Number    of    days 
after  moulding 

1 

2 

58 

3 

57 

4 
58 

5 
60 

6 
64 

7 
70 

14 
95 

21 
110 

28 
118 

35 

42 

49 

56     63 

1 

Neat      1  Plain    .      . 
Cement/  Reinforced 

60 

123 

128 

130 

131   132 

6 

9 

12 

14 

16 

17 

20 

22 

23 

24 

25 

25 

25 

25     25 

,    Reinforced 

22 

21 

20 

21 

22 

26 

29 

38 

42 

44 

45 

47 

47 

49     50 

4 

6 

7 

8 

9 

9 

9 

9 

10 

10 

10 

10 

10 

10     10 

Both  the  plain  prisms  showed  a  considerable  contraction  on  the  first  day; 
after  this  it  practically  ceased  during  three  days,  and  was  even  replaced  by  a  slight 
expansion.  Finally  the  contraction  recommenced  at  a  decreasing  speed,  and  far 
less  than  during  the  first  day.  This  stop  in  the  contraction  at  the  end  of  the  first 
day  coincided  with  the  period  of  drying  of  the  prisms,  and  the  temperature  of  the 
mixture,  which  had  been  below  that  of  the  air,  gradually  approached  it.  The 
expansion  due  to  the  variation  of  temperature  probably  had  a  predominant 
influence,  which  concealed  the  contraction  due  to  the  hardening. 

The  maximum  contraction  for  the  neat  cement  not  reinforced  appeared  to 

1*5  2 

^®  T7vv^  ^  TT^K?^  ^'  ^^^  original  length  in  two  or  three  years.    The  reinforced  cement 
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and  mortar  contracted  according  to  a  regular  and  continuous  law. 
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The  following  stresses  were  calctilated — 

In  the  neat  cement  prism  the  reinforcement  suffered  a  mean  compressive  stress 
of  7,110  pounds  per  square  inch  with  a  maximum  of  about  8,890,  and  the  cement  a 
mean  tensile  stress  of  410  pounds  per  square  inch  with  a  maximum  of  about  510. 
In  the  mortar  prism  the  compressive  stress  in  the  reinforcement  had  a  mean  value 
of  2,845  pounds  per  square  inch,  and  the  mean  tensile  stress  in  the  concrete  was 
155  pounds  per  square  inch. 

From  the  results  of  these  and  other  similar  tests,  M.  Considere  comes  to  the 
conclusion  that  the  initud  tensions  developed  in  the  concrete  of  a  prism  during 
setting  in  air  by  the  action  of  reinforcements  of  sufficient  sectional  area  reaches 
very  nearly  the  ultimate  resistance  of  similar  pieces  of  plain  concrete  at  the  same 
age,  and  this  is  the  reason  for  the  regular  contraction  of  the  reinforced  prisms. 
M.  Considere  remarks  that  the  concrete  in  a  reinforced  piece  is  therefore  extended 
during  the  setting  in  air  beyond  its  ''  elastic  limit,"  and  it  must  support  a  tensional 
stress  equal  to  its  maximum  resistance  at  the  same  age,  as  the  resistance  of  the 
concrete  remains  practically  constant  after  the  ''  elastic  Umit "  is  passed. 

The  contraction  of  the  metal,  and  the  tension  in  the  cement  or  mortar  which 
produc€Kl  it  increased  considerably  during  only  twenty-eight  days.  The  stop  of 
the  increase  coincided  with  the  formation  of  transverse  cracks  in  the  neat  cement 
prism. 

The  mortar  prism  showed  no  cracks  visible  to  the  eye,  but  it  was  impossible  to 
tell  whether  or  not  there  existed  any  capillary  cracks. 


Initial  Stress  in  Steel  surrounded  by  Concrete  due  to  Conditions  of 

Setting 

Mr.  Samuel  Emerson  and  Mr.  Geo.  Peabody  conducted  a  series  of  24  tests 
at  the  Case  School  of  Applied  Science  to  determine  the  initial  stresses  in  steel  rods 
due  to  the  conditions  during  setting.  The  bars  were  all  i  inch  square  and  3J  feet 
long  and  of  mild  steel  with  a  coefficient  of  elasticity  of  30  x  10«,  having  silver  plugs 
inserted  with  fine  scratches  39  inches  apart ;  they  were  embedded  in  prisms  of  con- 
crete 8  inches  square  and  3  feet  long.  One  extra  rod  was  similarly  treated  but 
not  embedded  in  concrete,  being  kept  as  a  standard  for  measurement  of  the 
deformations. 

Twelve  of  the  prisms  of  concrete  were  allowed  to  set  in  air  and  twelve  were 
placed  in  water,  and  at  intervals  over  a  period  of  three  months  the  embedded  bars 
were  compared  with  the  standard. 

The  stress  in  the  steel  due  to  contraction  or  expansion  was  obtained  by  multi- 
plying the  strain  by  30  x  10^.  The  resulting  stresses  are  shown  in  the  diagrams 
(Fig.  330),  stresses  due  to  setting  in  water  being  dotted,  while  those  due  to  setting 
in  air  are  shown  by  hard  lines. 

All  the  specimens  which  set  in  air,  except  that  of  neat  cement,  showed  the  bars 
to  be  shorter  than  the  standard,  indicating  that  the  concrete  had  contracted  in 
setting.  In  the  specimens  which  set  in  water  all  the  bars  were  longer,  indicating 
an  expansion  of  the  concrete.  After  the  last  series  of  readings  had  been  taken 
the  bars  were  cut  out  of  one  of  each  of  the  specimens  which  had  set  in  water  and 
air,  and  remeasured.    In  both  cases  the  bars  resumed  very  nearly  the  same  length 
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as  the  standard,  showing  that  the  deformation  of  the  concrete  had  been  the  cause 
of  the  stresses  in  the  steel. 

The  small  remaining  deformations  might  have  been  due  to  a  slight  lagging. 

The  specimens  which  had  elongated  when  in  water  contracted  when  aiter- 
wards  left  in  air.  The  expansion  of  the  neat  specimens  setting  in  air  was  due  to 
the  heating  of  the  cement  in  setting,  which  had  a  greater  effect  on  the  neat  than 
on  the  mortar  and  concrete  specimens. 

These  tests  show  the  same  general  behaviour  as  those  of  M.  Considere  (p.  291), 
but  M.  Considere  also  tested  unreinf orced  specimens  and  found  that  the  deforma- 
tions were  less  for  reinforced  than  for  plain  prisms  ;  showing  that,  while  the  metal 
elongated  when  the  setting  occurred  in  water,  and  contracted  when  the  specimen 
was  left  in  air,  the  effect  on  the  concrete  was  of  an  opposite  nature  ;  a  result  which 
might  well  be  expected  since  the  metal  must  react  upon  the  concrete. 


Deductions  from  the  General  Behaviour  of  Pieces  Reinforced  with 

Straight  Reinforcements  only  under  Flexure 

For  comparative  purposes  it  is  necessary  to  know  certain  facts  as  regards  the 
behaviour  of  reinforced  pieces. 
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1.  The  proportion  of  the  ingredients  of  the  concrete. 

2  The  quaUty  of  the  materials  employed. 

3.  The  quantity  of  water  used  in  mixing  the  concrete. 

4.  The  atmospheric  conditions  during  the  hardening. 

5.  The  amoimt  of  ranmiing. 

6.  The  nature  and  form  of  reinforcement. 

7.  The  method  of  support  and  loadmg. 

8.  The  size  and  shape  of  the  piece. 

And  any  other  factors  which  may  affect  the  observations. 

To  test  reinforced  concrete  in  a  properly  scientific  manner  is  consequently  not 
feasible  in  practical  tests  for  acceptance  purposes  or  practical  operation.  As  a 
rule  sufficient  information  regarding  the  practical  tests  on  beams  and  slabs  is  not 
published  to  allow  the  deduction  of  any  very  definite  information. 

More  or  less  laboratorial  experiments  have,  however,  been  made  on  slabs  and 
rectangular  and  T-beams,  freely  supported  at,  the  ends  and  under  uniformly  dis- 
tributed and  concentrated  central  loads.  It  has  been  found  from  these  that  as 
the  load  is  gradually  increased  the  deflexion  varies  more  and  more  rapidly,  and 
its  curve  is  very  much  the  same  as  that  found  for  the  deformations  under  simple 
compression  by  Professor  Bach  and  MM.  Souleyre  and  Anglade  and  Professor 
Warren.  The  permanent  deflexion  for  small  loads  is  imperceptible,  but  increases 
faster  than  the  increase  of  the  load  ;  with  alternative  loading  and  unloading  the 
curve  of  deflexions  agam  takes  the  same  form  as  that  for  the  deformations  under 
simple  compression. 

The  portion  of  the  piece  under  tensile  stresses  in  nearly  every  case  shows  the 
first  indications  of  yielding ;  the  cracks  which  appear  at  first  sometimes  extend 
as  far  as  the  centre  of  the  beam,  but  close  up  so  as  to  be  imperceptible  on  remc»ving 
the  load.  These  small  cracks,  which  sometimes  appear  to  have  been  formed  prior 
to  the  loading,  do  not  seem  to  have  any  effect  on  the  stability  of  the  piece,  and  it 
has  been  found  that  test  pieces  which  have  become  cracked  accidentally  before 
being  experimented  upon  behave  exactly  the  same  as  they  would  have  done  had 
they  been  intact. 

M.  Considdre,  in  speaking  of  the  influence  of  hair  cracks  in  the  concrete,  says  : 
"  It  is  well  known  that  in  properly  constructed  reinforced  concrete  buildings  not 
exposed  to  excessive  heat,  cracks,  invisible  under  a  magnifying  glass,  will  sometimes 
occur  before  or  during  the  usual  acceptance  tests.  On  the  other  hand,  laboratorial 
experiments  prove  that  the  cracks  resulting  from  a  sufficient  increase  of  load  beyond 
that  usual  in  practice  have  no  noticeable  influence  on  the  progress  of  the  deforma- 
tion as  long  as  they  are  not  visible  to  the  naked  eye  ;  and  this  could  be  foreseen, 
as  a  crack  can  only  influence  a  very  small  portion  of  the  total  length.  We  may 
conclude  from  the  above  that  the  deformations  which  occur  at  practical  tests  of 
constructions  are  not  influenced  in  any  appreciable  measure  by  the  invisible  cracks 
that  might  pre-exist  or  occur  during  these  tests." 

As  the  load  on  a  piece  is  increased  the  cracks  become  more  numerous  and 
pronounced,  and  at  last  penetrate  into  the  upper  portion  of  the  piece,  the  final 
failure  being  caused  by  the  widening  of  one  of  these  cracks  when  the  reinforcement 
slips  and  bends  ;  a  flaking  also  occurs  at  this  period  at  the  compression  surface^ 
the  concrete  becoming  detached  in  horizontal  layers. 

It  may  then  be  concluded  that  under  normal  circumstances  in  pieces  reinforced 
with  the  usual  reinforcements  for  the  direct  resistance  of  the  stresses — 
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1.  The  initial  cracks  in  the  concrete  acting  in  tension  have  no  effect  on  the 
ultimate  resistance  of  the  piece  under  bending. 

2.  The  tendency  to  failure  is  on  the  tension  side  of  the  piece  either  due  to 
direct  or  diagonal  tension. 

3.  The  cracks  first  formed  on  the  tension  side  gradually  extend  into  the  com- 
pression side  under  relatively  heavy  loading,  which  Indicates  a  rise  in  the  position 
of  the  neutral  axis  as  the  load  increases. 

4.  As  the  failure  proceeds  there  is  a  sUght  stipping  of  the  reinforcement  through 
the  concrete  due  to  the  contraction  of  area  of  the  metal  in  tension,  unless  it  is  of 
such  a  character  that  will  specially  resist  the  slipping. 

5.  The  reinforcement  in  tension  fails  under  bending  when  the  crack  producing 
failure  opens. 

6.  The  last  portion  to  fail  is  the  surface  of  the  concrete  under  compressive 
stresses,  which  flakes  off  in  horizontal  layers. 

7.  In  some  cases  the  first  failure  is  due  to  diagonal  tension,  generally  referred 
to  as  shearing,  near  the  supports,  which  is  indicated  by  curved  cracks  varying 
from  the  vertical  to  the  horizontal. 

8.  The  strength  of  reinforced  concrete  under  bending  increases  with  age, 
but  not  in  the  same  degree  as  its  resistance  to  du*ect  compression,  clearly  indicating 
that  the  resistance  to  compression  is  not  the  ruling  factor  in  the  failure  under 
bending. 


Behaviour  of  Reinforced  Slabs 

Many  experiments  have  been  carried  out  on  slabs  reinforced  in  various  manners 
and  of  various  proportions  of  concrete.  The  general  results  of  these  tests  were 
as  follows — 

The  failure  of  slabs  reinforced  by  ordinary  rods  or  wires  is  not  similar  to 
that  of  "  expanded  metal "  slabs,  or  such  as  are  provided  with  an  adequate 
re&istance  to  any  slipping  of  the  reinforcements. 

In  slabs  with  rod  reinforcements  the  failure  commences  by  the  cracking  of 
the  concrete  on  the  tensile  side  and  a  sUpping  of  the  reinforcements  through  the 
concrete  caused  by  a  local  stretching  of  the  rods  and  consequent  diminution  of 
sectional  area,  which  occurs  only  after  the  metal  is  stressed  beyond  its  elastic  limit. 
The  reinforcement  does  not  break  and  the  slab  still  retains  some  elastic  proper- 
ties, the  deflexion  decreasing  on  the  removal  of  the  load. 

In  slabs  reinforced  with  special  bars  to  resist  sliding,  "  expanded  metal " 
or  similar  reinforcement,  the  metal  generally  fails  at  the  same  time  as  the  con- 
crete ;  with  a  large  percentage  of  metal,  however,  the  reinforcement  does  not 
break  at  once,  but  in  every  case  the  final  rupture  follows  closely  on  the  appear- 
ance of  the  first  cracks.  It  is  also  found  that  the  meshes  of  the  "  expanded  metal " 
close  up  under  severe  loads  (Fig.  331),  but  that  it  does  not  slip  through  the  con- 
crete. Fig.  331  shows  the  effect  of  the  tensile  stress  due  to  bending  on  **  expanded 
metal  "  embedded  near  the  tensile  surface  of  a  concrete  slab.  ^  is  a  view  of  the 
metal  before  it  is  put  into  a  slab,  and  B  shows  the  meshes  as  closed  up  after  the 
slab  has  been  tested  under  bending. 

296 


EXPERIMENTAL  RESEARCH  AND  DEDUCED  DATA 

There  is  more  stretching  of  "  expanded  metal "  previous  to  rupture  than  of 
an  ordinary  rod  or  wire  reinforcement.  Reinforcements  in  the  nature  of  a  woven 
mesh  such  as  the  Cottanfin,  Clinton,  Johnson  and  others  probably  behave  in  a 
somewhat  similar  manner  to  ''expanded  metal,"  but  not  so  pronounced. 

The  shearing  stresses  have  only  a  very  slight  effect  on  the  behaviour  of  slabs, 
causing  the  cracks  to  have  a  slight  inclination.  The  fracture  of  slabs  is,  however, 
never  due  to  diagonal  tension  alone,  since  unlike  beams  there  is  always  ample 
area  of  concrete  to  assist  these  stresses. 


A  B 

Fio.  331 
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The  values  of  the  unit  moment  of  resistance  -—  are    higher    for  a    similar 

centage  of  metal  in  slabs  reinforced  with  "  expanded  metal "  than  in  those  with 
longitudinal  and  transverse  rods,  as  in  the  Monier  System. 

The  failure  is  always  gradual  with  a  Monier  slab,  whereas  the  metal  fails  with 
the  concrete  in  a  slab  reinforced  with  0*46  per  cent,  of  "  expanded  metal " — with 
0*76  per  cent,  of  ''  expanded  metal "  the  reinforcement  does  not  fail  and  the  slab 
behaves  more  like  a  Monier  slab.  It  is  probable  that  the  increase  in  resistance 
of  an  ''  expanded  metal  "  slab  is  due  to  some  extent  to  the  tendency  to  compress 
the  concrete  by  the  closing  of  the  meshes. 

The  Behayiour  of  Rectangular  Beams 

The  failure  of  a  rectangular  beam,  if  of  sufficient  width,  will  be  very  similar  to 
that  described  for  slabs.     Fig.  332  shows  such  a  failure. 


L — //^/'^/Jf)\^\^)^ 


Fio.  332 

The  first  portion  to  fail  will  be  the  concrete  under  tensile  stress,  which  will 
crack  at  some  section  close  to  that  imder  greatest  bending  moment ;  the  first  crack 
will  grow  longer  and  wider,  and  other  cracks  to  the  right  and  left  will  appear  as 
the  load  is  increased.  The  cracks  towards  the  supports  will  be  inclined  more  and 
more  towards  the  centre  as  the  bearings  are  approached,  showing  the  infiuence 
of  the  diagonal  tensile  stresses. 

All  the  cracks  will  gradually  develop  until  thev  penetrate  into  the  portion 
of  the  beam  which  was  originally  under  compressive  stress,  showing  a  raising  of 
the  neutral  axis  as  failure  is  approached.  The  last  portion  to  fail  will  be,  in  almost 
every  case,  the  surface  under  compression,  which  will  flake  up  as  shown,  but  not 
until  the  reinforcement  bends  and  commences  to  shp,  due  to  the  opening  of  the 
cracks. 
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The  first  failure  in  properly  designed  rectangular  beams  will  not  be  due  to 
diagonal  tensile  stresses,  especially  when  bent-up  rods  or  other  reliable  shearing 
reinforcements  are  employed.  The  shearing  stresses  will,  however,  frequently 
have  an  influence  on  the  behaviour,  causing  the  cracks  towards  the  supports  to 
have  an  inclination  upwards  towards  the  centre. 

When  rectangular  beams  are  too  narrow  the  concrete  will  break  away  along 
the  reinforcement  or  the  shearing  stresses  wiU  have  considerable  influence  on  the 
behaviour,  especially  when  only  straight  bars  are  used  and  no  provision  made  for 
reinforcing  against  shearing.  Vide  Figs.  333  and  334,  which  show  the  failure  of 
beams  with  a  width  only  J  of  the  depth. 

The  reinforcements  never  fail  by  breaking  unless,  possibly,  when  the  shearing 
reinforcements  are  formed  in  one  piece  or  rigidly  attached  to  the  longitudinals. 
They  will,  however,  bend  when  the  surroimding  concrete  becomes  detached,  and 
will  also  slip  through  the  concrete  as  failure  approaches,  if  they  are  not  specially 
formed  to  resist  such  shding.     This  form  of  failure  occurred  in  Beam  A,  Fig.  333. 

Fig.  337  shows  the  different  forms  of  reinforcement  used  for  designing  the 
beams  shown  in  Figs.  333  to  336. 

The  loading  had  been  continued  considerably  beyond  the  time  of  failure  before 
the  photographs  where  taken,  yet  none  of  the  beams  showed  any  sign  of  collaps- 
ing. Shearing  had  a  considerable  effect  in  the  failure  of  all  the  beams.  Beam 
A  failed  (as  would  be  expected)  entirely  from  diagonal  tension,  the  shearing  along  the 
rods  being  clearly  shown  in  the  photograph.  The  effect  of  diagonal  tension  is  also 
very  evident  in  Beam  B,and  the  influence  of  shearing  stresses  is  indicated  by  the 
inclination  of  the  crack  in  Beam  C.  The  crushing  at  the  top  of  this  beam  did 
not  occur  until  the  bottom  crack  had  opened  considerably.  The  vertical  crack 
in  Beam  D  opened  at  one  of  the  stirrups,  and  a  wedge-shaped  piece  dropped 
out  at  the  bottom ;  both  the  vertical  and  inclined  cracks  in  this  beam  opened 
simultaneously.  In  the  tests  of  which  these  beams  are  samples,  three  beams  of 
each  class  were  tested.    Table  LV.  gives  the  results  of  the  tests. 
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The  Behaviour  of  T-Beams 

K  a  T-beam  is  properly  designed,  and  the  leg  has  a  sufficient  width,  the  fulnre 
will  be  of  the  same  nature  as  in  the  case  of  rectangular  beams.  In  the  case  ot 
T-beams,  however,  the  bending  resistance  varies  as  the  width  across  the  table 
(B  Fig.  338)  multiphed  by  the  square  of  the  depth  to  the  axis  of  the  tensile  rein- 


L 
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forcement  from  the  compressive  surface,  whereas  the  shearing  resistance  varies 
OS  the  breadth  of  the  rib  (6  Fig.  338)  multiplied  by  the  lever  arm  ot  the  couple 
of  resisting  forces. 

Or  the  moment  of  resistance  =  ftBh^  and  the  resistance  to  shearing  — 
^  \h — (the  distance  from  the  top  of  the  beam  to  the  centre  of  compressive 
resistance)],  where  n  and  k  are  constants  for  similar  concretes,  metal,  and 
percentage  of  reinforcements. 


^S 


It  is  therefore  evident  that  there  is  more  probabihty  of  a  failure,  due  mainlj 
to  shearing,  by  diagonal  tension  and  the  breaking  away  of  the  concrete  along 
the  bars  near  the  support,  as  shown  at  Fig.  33d,  and  the  splitting  of  the 
concrete  at  a^a',  and  c,  Fig.  340,  in  the  case  of  a  T-beam  than  of  a  rectangular 
beam.  There  is  also  a  liability  for  the  concrete  to  shear  through  the  rib  at  the 
under  surface  of  the  slab  near  the  supports,  as  shown  at  b-b'.  Fig.  340.  It  is  good 
practice  either  to  bevel  off  the  sides  of  the  rib  at  ft' and  b,  or  to  place  shearing  rein- 
forcements extending  from  the  table  into  the  rib  to  resist  this  tendency. 


Pio.  340 

The  concrete  for  the  leg  of  the  T-beam  6  a  c  o'  6'  is  put  in  place  first  and  is  some- 
times allowed  to  set  or  partly  set  before  the  floor  slab  or  table  of  the  T-beam  is 
laid.  Even  if  proper  care  be  taken  to  clean  and  wet  the  concrete  along  W  before 
starting  the  floor  slab,  there  will  be  a  chance  of  a  weak  joint  along  that  line.  If 
the  reinforcing  bars  have  vertical  or  inclined  members  extending  into  the  slab 
the  two  portions  are  bonded  together  and  resistance  gainst  sHding  provided. 
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It  appears,  then,  that  it  is  specially  necessary  to  inquire  into  the  shearing  resist- 
ance of  T-beams,  and  to  avoid  reducing  too  greatly  the  width  of  the  leg. 


The  Behayiour  of  Reinforced  Concrete  Arches 

The  resistance  of  the  abutments  has  a  marked  effect  on  the  behaviour  of  arches. 
Tte  failure  of  those  with  a  curved  extrados  is  generally  due  to  an  opening  out  of 
the  span,  caused  by  the  abutments  yielding,  and  that  of  an  arch  with  a  flat  extrados 
by  the  top  of  the  abutment  breaking  away  and  allowing  the  arch  to  drop  at  the 
centre,  unless  the  reinforcements  of  the  extrados  are  continued  into  the  abutment 
and  penetrate  into  it  for  some  distance. 
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Fio.  341 

The  failure  is  generally  very  similar  to  that  of  beams  in  the  case  of  an  arch 
with  a  curved  extrados,  the  first  cracks  occurring  at  the  intrados,  and  a  flaking  of 
the  extrados  taking  place  just  before  the  final  rupture. 

In  the  case  of  arches  with  a  flat  extrados,  or  those  with  a  curved  intrados, 
when  the  abutments  remain  firm,  the  first  failure  will  occur  at  the  place  where  the 
greatest  tensile  stress  occurs,  whether  it  be  at  the  intrados  or  extrados. 
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Figs.  341  and  342  are  given  by  M.  Christophe,  and  show  manner  of  failure 
which  may  be  expected  under  a  uniformly  distributed  load  over  half  the  span, 
which  is  the  disposition  which  generally  causes  the  greatest  deviation  of  the  curve 
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of  pressures  from  the  neutral  surface.    The  first  sign  of  failure  in  the  bridge  shown 

in  Fig.  342  was  the  formation  of  cracks  at  a; 
those  at  b  only  appeared  just  prior  to  the  final 
failure. 

The  only  case  in  which  oracks  due  to  shear- 
ing are  at  all  likely  to  occur  in  arches  is  under 
the  piers  of  spandril  arches,  being  entirely  local 
^  ^'     ^  and  due  to  the   concentrated  loading  at  these 
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points.    Such  a  failure  is  shown  in  Fig.  343. 

Deductions  which  may  be   Drawn  from  the   Observed   Behaviour 

of  Arches 

It  is  evident  that  the  object  to  keep  in  view  when  designing  reinforced  aiches 
is  to  place  the  reinforcement  so  that  aid  may  be  given  to  those  parts  where  there 
is  a  tendency  to  failure.  In  small  arches  with  a  curved  extrados  under  a  uniform 
load  it  appears  well  to  have  a  reinforcement  throughout  the  whole  length  of  the 
intrados,  and  a  further  reinforcement  at  the  eztrados  from  the  abutments  to  the 
joint  of  rupture,  or  for  about  i  the  span  on  either  side.  For  large  span  arches 
it  is  good  in  practice  to  continue  both  the  intrados  and  extrados  reinforcement 
right  through.  For  arches  with  open  spandrils  a  special  reinforcement  shodd 
be  provided  under  the  piers  of  the  small  roadway  arches  to  resist  the  local 
tendency  to  shear. 

For  arches  with  a  flat  extrados  it  would  appear  advisable  to  place  vertical 
or  inclined  reinforcements  in  the  abutments  or  to  continue  the  reinforcement  at 
the  extrados  of  the  arch  well  down  into  the  abutments,  so  as  to  tie  the  upper  to 
the  lower  portions. 

As  reinforced  arches  act  mostly  under  compression,  the  main  reinforcements 
should  be  tied  well  together  both  in  a  vertical  and  horizontal  sense,  to  resist  as 
much  as  possible  the  swelling  of  the  concrete.  The  position  of  the  line  of  resist* 
ance  under  varying  positions  of  the  loading  must  be  studied,  as  also  the  effect  of 
the  variations  of  temperature  in  the  case  of  unhinged  arches,  as  the  portions  of 
the  arch  where  tensile  stresses  will  occur  are  different  according  to  the  varying 
conditions.  For  arches  with  a  flat  extrados  it  is  generally  advisable  to  have  a 
reinforcement  throughout  the  whole  span  near  both  the  intrados  and  extrados. 
even  when  they  are  of  small  span  and  under  a  uniform  load. 

The  Counteraction  of  the  Stresses  produced  in  Reinforced  Concrete  by 

Inducing  Strains  of  an  Opposite  Kind 

Up  to  quite  recent  times  very  little  has  been  said  as  to  the  probability  of  the 
treatment  of  reinforced  structures  in  any  different  manner  than  the  usual  one 
of  directly  resisting  the  imposed  stresses. 

From  a  study  of  the  general  behaviour  of  this  material,  however,  one  cannot 
avoid  coming  to  the  conclusion  that  the  present  general  method  of  treatment 
may  not  be  the  best,  and  that  instead  of  resisting  the  stresses  by  placing  bars  or 
wires  in  such  positions  that  they  may  take  up  the  direct  stresses,  greater  strength 
will  be  obtained  by  so  placing  the  reinforcement,  that  instead  of  directly  resisting 
the  imposed  stresses,  they  may  always  act  in  tension,  the  concrete  being  com- 
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pressed,  whatever  the  nature  of  the  main  stresses  may  be.  In  a  piece  or  the  portion 
of  a  piece  under  tension,  so  placing  the  metal  that  it  will  induce  compressive  strains 
in  the  concrete,  while  the  metal  itself  acts  in  tension,  will  obtain  the  best  results 
from  both  materials. 

Similarly,  the  metal  being  placed,  when  the  piece  or  portion  of  the  piece  is 
xmder  compression,  so  that  the  swelling  of  the  concrete  may  cause  tensile  stresses 
to  be  induced  in  the  reinforcement.  It  appears  evident  that  if  these  conditions 
are  realized  we  must  obtain  a  great  resistance  from  a  piece,  as  both  the  materials 
used  are  acting  under  the  best  conditions. 

The  excellent  restdts  obtained  by  M.  C!onsiddre  in  the  employment  of  hooped 
compression  members  must  force  this  fact  upon  us,  and  the  great  resistance  obtained 
from  structures  in  which  some  such  actions  exist  can  only  be  explained  by  this 
point  of  view.  It  is  to  be  hoped  that  scientific  experiments  may  be  carried  out 
on  these  lines,  as  up  to  the  present  time  there  is  not  sufficient  information  on  which 
to  base  any  definite  statement,  and  until  such  information  is  supplied  we  must 
not  be  too  hasty  in  our  assumptions. 

Recapitulation  of  Data 
We  may  safely  assume  the  following — 

1.  That  the  ratio  J  =  m  will  he  16. 

2.  Thoit  for  general  'purposes  we  may  allow  400  pounds  per  square  inch  for  the 
resistance  of  the  concrete  under  direct  compression  when  reinforced  vnth  longitudinal 
bars  and  cross  ties  in  the  usual  way, 

3.  Thai  for  general  purposes  we  may  allow  600  pounds  per  square  inch  for  the 
fnaocimum  resistance  of  the  concrete  to  compression  in  pieces  subjected  to  bending, 

4.  That  the  resistance  of  the  concrete  to  diagonal  tensile  stresses  may  be  calcu- 
Jated  by  considering  the  shearing  stresses  only,  if  we  allow  60  pounds  per  square 
inch  as  the  resistance. 

5.  That  it  is  very  necessary  to  provide  adequate  resistance  against  diagonal 
tensile  stresses  in  beams  and  especially  T-beams. 

6.  That  as  a  general  rule  there  will  be  no  slipping  of  the  reinforcements  through 
the  concrete,  but  that  the  tendency  to  shearing  of  the  concrete  around  the  reinforcement 
should  be  inquired  into  and  provided  for  if  found  necessary.  The  shearing  re- 
sistance in  this  case  may  be  taken  as  100  pounds  per  square  inch  of  the  surface  of 
the  bars. 

7.  Thai  in  the  cose  of  T -beams  it  is  advisable  to  provide  in  some  way  against 
the  liability  to  shear,  near  the  supports,  through  the  leg  at  the  underside  of  the  slab. 

8.  That  the  following  values  may  be  allowed  for  the  resistance  of  mild  steel  reinr 

forcements — 

Pounds  per  square  inch 
In  tension  and  compression    •         .         .       15,000 
Jn  shear 12,000 
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CALCULATIONS 


NECESSARY     HYPOTHESES 

General  Remarks 

It  18  necessary  to  assume  certain  hypotheses  before  entering  upon  the  calcu- 
lations for  obtaining  the  dimensions  of  reinforced  concrete  pieces,  and  unfortu- 
nately it  is  by  no  means  certain  that  these  are  absolutely  true.  The  most  elaborate 
theories  based  on  aU  the  elastic  properties  of  the  materials  must  commence  from 
these  hypotheses,  and  in  consequence  their  precision  and  minuteness  is  to  a  great 
extent  nullified  at  the  outset. 

It  is  better,  however,  to  employ  formulae  which  have  a  scientific  basis  than 
to  entirely  rely  on  the  empirical  equations  of  practical  constructors,  although 
these  may,  and  do,  give  good  results  when  intelligently  employed  by  those  who 
have  had  many  years'  experience  in  this  form  of  construction,  and  are  thoroughly 
acquainted  with  all  practical  considerations. 

It  is  not  suggested  that  the  formulae  deduced  later  are  absolutely  correct, 
but  when  the  results  of  practical  experience  are  kept  in  view  it  is  possible  to 
obtain  simple  formulae  based  on  scientific  principles,  which  are  approximately 
correct,  and  will  enable  dimensions  to  be  calculated;  which  may  with  perfect  safety 
b)  used  in  designing  a  structure. 

It  must,  however,  be  borne  in  mind  that  all  theories,  even  the  most  elaborate, 
are  only  approximate,  being  based  on  the  best  information  that  can  be  obtained 
on  the  subject.  We  are  consequently  justified  in  assuming  hypotheses  on  which 
to  base  our  calculations  which  may  not  be  absolutely  correct.  It  is  proposed  to 
study  these  briefly,  and  to  point  out  wherein  they  may  be  inexact. 

That  the  Applied  Forces  are  Perpendicular  to  the  Neutral  Surface  of 

Pieces  Subjected  to  Bending 

This  is  a  general  hypothesis  which  is  assumed  for  all  beams  and  girders,  and 
though  it  is  clearly  incorrect,  in  consequence  of  the  deflexion  of  the  piece,  it  is 
certainly  sufficiently  near  the  truth  for  practical  purposes  for  cases  of  simple  bend- 
ing. It  cannot,  of  course,  be  apphed  to  arches  which  are  not  subjected  to  simple 
flexure. 
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That  each  Fibre  be  Supposed  to  Act  by  Itself,  not  being  Affected  by 

the  Contiguous  Fibres 

This  supposes  that  each  fibre  will  be  elongated  or  contracted  by  the  stress 
appUed  to  it,  as  if  it  were  alone.  It  is  in  all  probabiUty  scientifically  inaccurate 
to  suppose  that  such  is  the  case  for  beams,  since  there  is  a  *'  striction/*  as  M.  Con- 
sidere  has  pointed  out,  between  adjacent  fibres  which  modifies  the  deformations, 
allowing  the  fibres  to  sustain  greater  deformation  under  bending  than  they  would 
bear  under  direct  stresses  in  a  testing  machine.  This  effect  is  the  probable  cause 
of  the  divergence  of  the  theoretical  and  practical  strength  of  rectangular  homo- 
geneous beams,  the  breaking  load  on  a  cast-iron  beam  being  from  two  to  three 
times  the  calculated  one,  due  to  this  lateral  adhesion  between  the  fibres  which 
resists  the  tendency  to  longitudinal  shearing.  The  admission  of  this  hypothesis 
is  on  the  side  of  safety,  and  may  be  allowed  therefore  for  the  calcxilations  of  rein- 
forced concrete  pieces  subjected  to  bending  on  account  of  the  simplification  it 
allows. 

That  there  is  Always  a  Solid  Contact  between  the  Reinforcement 

and  the  surrounding  Concrete 

It  is  generally  assumed  that  the  concrete  and  the  metal  act  together,  i.e.  that 
the  concrete  follows  the  deformations  of  the  reinforcements.  This  again  greatly 
simplifies  the  calculations,  since  it  follows  that  the  stresses  in  the  concrete  and 
reinforcement  are  to  one  another  as  their  coefficients  of  elasticity. 

It  is,  however,  very  doubtful  if  such  is  really  the  case.  Unfortunately,  as 
M.  Christophe  points  out  in  his  remarks  on  the  experiments  of  the  French  service 
of  Ughthouses  and  beacons  on  pieces  under  direct  tension  (p.  275),  the  results  given 
can  be  explained  by  a  lagging  behind  of  the  concrete  surrounding  the  reinforcing 
sections,  and  it  is  extremely  probable  that  some  such  deformation  exists  in  pieces 
of  reinforced  concrete. 

M.  Harel  de  La  Noe  beUeves-that  the  concrete,  where  in  contact  with  the  iron, 
forms  such  a  cup-like  depression,  but  not  until  the  limit  of  elasticity  of  the  isetal 
has  been  passed,  the  sUpping  of  the  reinforcement  being  caused  by  the  contraction 
in  the  section  of  the  metal  att&r  it  has  been  stressed  beyond  its  elastic  limit,  or  by  a 
shearing  of  the  concrete. 

It  is  certain  that  when  approaching  rupture  there  is  a  failure  in  the  proper 
adherence  of  the  concrete  and  iron,  whether  the  breaking  is  due  to  a  shearing  action 
near  the  supports  or  a  failure  in  tension  near  the  centre  of  the  span.  But  pieces  of 
reinforced  concrete  are  not  calculated  for  the  ultimate  strength,  and  therefore  this 
does  not  really  concern  us. 

It  must  be  admitted,  however,  that  there  is  an  extreme  possibility  that  the 
reinforcement  and  the  concrete  in  contact  with  it  are  not  equally  stretched  or 
compressed,  and  that  the  theory  of  elasticity  cannot  be  appUed  with  absolute 
truth  to  a  heterogeneous  material  as  it  can  be  to  the  structural  metals.  The 
concrete  in  itself  is  a  heterogeneous  material,  and  is  subject  to  small  voids  and 
cracks  even  when  carefully  made  ;  it  has  also  a  very  different  molecular  construc- 
tion to  that  of  the  metal,  and  the  sudden  change  from  the  comparatively  large 
grained  concrete  to  the  metal  cannot  but  have  some  effect  on  the  deformations. 

The  great  shearing  stresses  where  the  concrete  comes  in  contact  with  the  metal 
must  also  have  a  tendency  to  cause  a  displacement  of  the  reinforcement  in  the 
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concrete.  There  appears  then  every  likelihood  of  a  difference  of  deformation  in 
the  reinforcement  and  surrounding  concrete,  and  that  to  consider  no  such  differ- 
ence as  existing  is  an  incorrect  assumption  ;  but  fortunately  such  unequal  deforma- 
tion has  a  very  small  effect  on  the  accuracy  of  the  calculations  where  the  rein- 
forcements are  formed  of  a  series  of  bars  of  small  dimensions  placed  at  regular 
intervals  and  near  together,  but  with  sufficient  concrete  between  them  to  convey 
the  stresses,  and  we  may  assume  this  as  a  sufficiently  near  approximation  to  the 
truth  for  practical  purposes  in  such  cases.  When  large  sections  such  as  angles, 
tees,  joists  or  bars  of  large  diameter  are  employed  spaced  far  apart,  this  unequal 
deformation  will,  however,  have  greater  effect,  and  when  such  reinforcements 
are  employed  they  shotdd  be  well  tied  together  ;  if  this  is  not  done  a  large  factor 
of  safety  must  be  used  to  compensate  for  the  local  inequahty  in  the  deformations. 

M.  Christophe  has  remarked  that  the  object  to  be  aimed  at  in  reinforced  concrete 
construction  is  to  make  the  material  as  homogeneoiis  as  possible — a  piece  of  advioe 
which  .t  is  well  to  bear  in  mind. 

Where  the  shearing  stresses  are  small,  there  is  not  so  much  reason  for  avoid- 
ing the  use  of  large  sections  placed  far  apart,  and  consequently  this  method  of  rein- 
forcement may  be  employed  for  arches.  In  the  Melan  and  Wiinsch  systems 
arches  are  constructed  with  such  sections  with  success,  and  are  calculated  on 
the  hypothesis  of  the  equal  deformations  of  the  reinforcement  and  surrounding 
concrete. 


That  the  Cross-sections  remain  Plain  Surfaces  during  Loading 

This  hypothesis  of  the  conservation  of  plane  sections  is  perhaps  the  most 
important  of  those  used  for  the  calculations  for  a  piece  subjected  to  bending,  since 
it  ftu*nishes  what  is  practically  the  starting  point ;  that  two  sections  originally 
parallel  will,  after  the  load  has  been  applied,  rotate  about  the  neutral  plane  and 
remain  true  planes. 

This  hypothesis  rests  mainly  on  the  two  previously  considered,  and  if  they 
are  granted  we  must  also  allow  their  effect  on  the  conservation  of  plane  sections 
to  be  neglected. 

It  has  been  pointed  out  wherein  these  former  h3rpotheses  are  incorrect,  and 
it  will  be  clearly  seen  that  they  have  a  great  influence  upon  the  behaviour  of  the 
sections  of  a  piece  under  bending  stresses.  Also  the  strains  in  reinforced  concrete 
under  direct  compression  are  effected  by  the  manner  of  apphcation  of  the  load, 
which,  as  M.  Christophe  points  out,  is  always  concentrated  on  a  more  or  less  small 
area,  causing  this  hypothesis  to  be  in  fault,  at  any  rate  in  the  neighbourhood  of 
the  point  of  apphcation,  it  being  impossible  in  practice  to  make  perfectly  certain 
as  to  the  true  distribution  of  the  load. 

When  dealing  with  a  piece  subjected  to  bending,  the  employment  of  this 
hypothesis  is  due  to  the  simphfication  it  makes  in  the  calculations.  It  has  been 
proved  to  be  true  to  a  certain  extent  by  experiments  on  rectangidar  metallic  pieces^ 
but  the  existence  of  shearing  strains  must  tend  to  cause  the  sections  to  take  a 
curved  form,  since  the  paths  of  the  combined  direct  and  shearing  stresses  follow 
curved  lines  in  a  beam. 

When  reinforced  concrete  is  considered,  it  is  certain  that  the  elastic  properties 
of  concrete  are  entirely  different  to  those  of  metals,  and  the  results  obtained  from 
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experiments  where  this  hj^othesis  has  been  employed  certainly  do  not  prove  it 
to  be  a  true  one. 

Professor  Brik  makes  the  following  remarks  on  the  subject — "  Even  in  homo- 
geneous beams  the  longitudinal  shearing  stresses  cause  the  sections  to  be  curved 
surfaces  instead  of  the  assumed  plane,  and  this  is  still  more  pronounced  in  the 
case  of  concrete  beams.  The  modulus  of  elasticity  of  concrete  varies  with  the 
stresses  on  it,  and  concrete  beams  will  on  this  account  alone  show  a  deformation 
of  their  cross-sections  under  the  action  of  ordinary  bending  stresses.  This  defonna- 
tion  will  be  still  further  increased  by  the  shearing  stresses.  If  the  beam  is  rein^ 
forced  by  embedded  metal,  owing  to  the  great  difference  in  the  values  of  the  elastic 
moduli  of  the  metal  and  concrete,  shearing  stresses  are  induced  near  the  metal. 
These  stresses  cause  longitudinal  displacements  of  the  concrete  mass  around  the 
reinforcements,  which  take  place  even  when  sliding  is  prevented  by  the  adhesive 
resistance.  The  original  plane  section  thus  becomes  a  warped  surface  with  a 
funnel-shaped  depression  around  the  reinforcements.  This  deformation  will  be 
added  to  the  deformations  mentioned  above.  This  explains  the  fact  that  measure- 
ments of  elongations  taken  during  tests  show  an  advancement  of  the  surround- 
ing concrete  relatively  to  the  elongation  of  the  metal. 

''  The  above  causes  result  in  important  errors  in  the  common  static  com- 
putations, so  that  the  latter  should  be  considered  as  approximations  only.  The 
effects  of  these  errors  are  especially  considerable  in  the  results  of  deflexions  found 
by  the  ordinary  computations.  Ovring  to  the  longitudinal  displacement  the  deflex- 
ions will  be  considerably  greater  than  those  given  by  the  calculations. 

''  It  will  be  seen  from  what  has  been  pointed  out  that  although  we  may  con- 
tinue to  use  the  hypothesis  of  the  conservation  of  plane  sections  for  the  sake  of 
the  simplicity  attained  by  its  employment,  we  must  bear  in  mind  that  the  results 
obtained  are  only  approximate. 

"  These  results  will  be  sufficiently  correct  for  practical  purposes  where  the 
reinforcement  is  formed  of  a  series  of  rods  of  small  diameter  placed  near  each  other 
and  at  regular  intervals."  ^ 

It  therefore  appears  that  we  must  treat  this  hypothesis  with  suspicion  until 
carefully  conducted  experiments  have  been  carried  out  and  proved  it  to  be  correct. 
We  may,  however,  retain  it  for  simplicity's  sake,  but  it  should  always  be  borne 
in  mind  that  at  best  it  is  only  an  approximation  of  the  real  state  of  the  case. 

That  there  are  no  Initial  Stresses  set  up  due  to  Expansion  or  Contrac- 
tion during  the  Setting  of  the  Concrete,  Changes  of  Temperature, 
or  the  Permanent  Deformations 

This  hypothesis  has  been  generally  assumed,  but  the  valuable  experiments 
on  the  variation  in  volume  due  to  the  setting  of  concrete  (pp.  291  to  294) 
show  that  it  is  an  incorrect  assumption.  To  recapitulate : — ^M.  Considere  shows 
that  for  pieces  which  harden  under  water,  tensile  stresses  are  developed  in  the 
reinforcements  and  compressive  stresses  in  the  concrete ;  and  that,  when  the  harden- 
ing takes  place  in  the  air,  compressive  stresses  are  set  up  in  the  reinforcements 
and  tensile  stresses  in  the  concrete.  He  comes  to  the  conclusion  that  the  initial 
tensions  developed  in  the  concrete  during  the  setting  in  air  will  very  nearly  reach 
the  ultimate  resistance  in  tension  of  similar  pieces  of  plain  concrete  at  the  same  age. 

If  the  resistance  of  the  concrete  in  tension  is  neglected,  there  does  not  seem 

'    ^  From  a  paper,  an  extract  of  which  was  published  in  the  Engineering  Record^  Aug.  23, 1901. 

312 


CALCULATIONS 

much  cause  for  fear  on  this  account,  since,  if  a  reinforcement  is  employed  in  com- 
pression, the  nature  of  the  case  prevents  it  being  stressed  to  anything  like  its  elastic 
limits,  since  the  unit  stress  must  be  limited,  as  will  appear  later.  The  initial  tension 
in  the  concrete  subjected  to  compression  will  add  to  its  resistance.  These  initial 
stresses  may  therefore  be  neglected  when  assigning  the  safe  resistances  to  be  allowed 
for  the  reinforcement  and  the  concrete. 

M.  Considdre  also  believes  that  the  concrete  in  tension,  when  reinforced,  still 
offers  its  maximum  resistance  after  being  elongated  beyond  the  amount  which 
similar  plain  concrete  will  bear  without  rupture  under  direct  tension.  This  is 
a  point  which  has  been  contested  by  various  authorities,  including  M.  Christophe 
and  Professors  Talbot  and  Tumeaure. 

The  changes  of  temperature  have  also  an  effect  on  pieces  of  reinforced  concrete, 
and  specially  so  in  the  case  of  unhinged  arches,  where  the  changes  in  temperature 
materially  add  to  the  stresses,  and  have  to  be  considered  when  designing  such 
a  structure. 

Where  the  upper  and  lower  surfaces  of  a  straight  piece  are  subjected  to  very 
different  temperatures,  it  is  advisable  to  place  a  hght  reinforcement  in  the  form 
of  a  mesh  near  the  surface  exposed  to  the  heat,  to  prevent  cracking  of  the  concrete. 
For  exposed  roofs  and  the  platforms  of  bridges  this  is  a  very  necessary  precaution. 

As  far  as  the  permanent  deformations  are  concerned,  M.  Harel  de  La  Noe 
•considers  that  the  great  elongation  which  concrete  can  sustain  when  reinforced 
is  due  to  the  reaction  caused  by  the  permanent  deformation  of  the  concrete.  It 
is  a  known  fact  that  permanent  deformations  occur  in  concrete  under  small  loads  ; 
M.  Harel  de  La  Noe  points  out  that  these  cause  initial  stresses  in     ^  ^f  j^,  ^ 

reinforced  concrete  :  he  considers  two  fibres  in  solid  contact,  one      '  '  '  ' 

of  metal  and  the  other  of  concrete  (Fig.  344),  and  further  that  fio.  344 

the  common  section  A  is  removed  to  £  by  a  tensile  stress. 

When  the  stress  is  removed  the  metal  fibre  would  return  to  A,  while  that 
of  the  concrete  would  only  move  to  -4'  if  it  were  alone  ;  the  permanent  deforma- 
tion of  the  concrete  acting  alone  would  be  A  A' ;  but  if  the  two  fibres  remain  in 
solid  contact  the  common  section  will  move  to  a  position  intermediate  between 
A  and  A' —  i.e.  to  A""  such' that  the  tension  produced  in  the  reinforcement  by  the 
deformation  AA'^  equals  the  compression  in  the  concrete  due  to  the  deformation 
A' A'',  It  results  that  after  having  subjected  a  piece  of  reinforced  concrete  to 
bending,  on  removing  the  load  the  concrete  in  tension  is  compressed,  and  when 
a  second  loading  is  applied  it  will  commence  by  returning  to  the  state  of  elastic 
equihbrium  at  A'  before  being  subjected  to  any  tensile  stress.  It  is  rendered  then, 
on  account  of  the  first  loading,  capable  of  a  greater  resistance  to  tension. 

M.  Harel  de  La  Noe  further  states  that  a  piece  of  reinforced  concrete  is  often 
observed  to  rise  up  during  the  interval  between  two  loadings.  This  contra-flexure, 
which  causes  tensile  stresses  in  the  upper  portion,  shows  the  existence  of  a  self- 
oontained  tensile  stress  in  the  reinforcement. 

With  respect  to  the  subject  of  initial  stresses,  M.  CJonsiddre  remarks  that  it 
is  a  well-known  fact  that  pieces  of  reinforced  concrete,  with  a  tensile  reinforce- 
ment only,  when  exposed  to  the  air,  show  a  gradual  deflexion  which  increases 
•during  a  period  of  a  year  to  eighteen  months.  The  contraction  produced  by  the 
hardening  takes  place  freely  in  the  unreinforced  fibres,  which  will  be  under  com- 
pressive stresses,  whereas  the  deformations  are  reduced  at  the  opposite  face  by 
the  resistance  of  the  reinforcement ;  these  unequal  contractions  of  the  two  faces 
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producing  deflexions  in  the  same  direction.  Besides  this,  during  the  long  durar 
tion  of  the  hardening  the  concrete  possesses  in  a  lessening  degree  the  facility  of 
jdelding  under  the  loads.  From  these  two  causes  curvatures  result  which  may  be 
confounded  with  those  due  to  the  loads  on  completely  hardened  beams. 

These  deflexions  are  less  than  one-fifth  and  more  than  one-tenth  of  the  total 
deflexion  under  the  load,  and  it  would  be  an  error  to  attribute  them  entirely  to 
the  alteration  of  the  elasticity  of  the  stretched  concrete,  for  they  will  have  been 
increased  by  the  permanent  shortening  of  the  compressed  non-reinforced  fibiea 
and  by  a  slight  slipping  of  the  reinforcements  through  the  concrete. 

Measurements  of  the  length  of  the  reinforcements  in  pieces  subjected  to 
repeated  loads  show  that  these,  after  the  tests,  returned  to  their  original  length, 
and  consequently  that  they  caused  no  sensible  initial  tensions  or  compressions 
in  the  pieces.    Thus  the  concrete  was  free  from  tensile  or  compressive  stresaes. 

M.  Considere  therefore  cannot  agree  with  M.  Harel  de  La  Noe  that  the  action 
of  the  reinforcements  on  the  stretched  concrete  would  create  dangerous  internal 
stresses,  and  that,  contraflexions  and  the  prospect  of  cracks  in  the  fibres  subjected 
to  compression  would  result.  He  considers  that  if  there  are  cracks  they  have 
quite  another  cause.  The  compressed  fibres  having  to  stand,  during  the  test, 
pressures  which  alter  their  elasticity,  they  may  get  permanent  shortenings  which 
prevent  their  taking  their  original  length  which  the  unaltered  elastic  force  of 
the  reinforcements  on  the  opposite  face  tends  to  impose  upon  them. 

All  things  considered  it  appears  that  the  internal  stresses  caused  by  the 
discordance  of  deformations  can  only  have  a  very  slight  effect  on  the  resistance 
of  the  piece,  and  that  probably  on  the  side  of  safety.  They  may  therefore  be 
neglected  in  the  calculations. 

The  Effect  of  the  Elastic  Behaviour  of  the  Concrete  on  the  Resistance 

it  Offers  to  the  Imposed  Stresses 

There  is  still  a  great  deal  of  difference  of  opinion  on  this  matter,  and  conse- 
quently it  will  be  necessary  to  discuss  it  in  detail. 

The  variation  in  the  resistance  of  the  concrete  in  successive  fibres  above  and 
below  the  neutral  axis  depends  in  the  first  place  upon  the  hypothesis  of  the  con- 
servation of  plane  sections.  If  the  sections  do  not  remain  true  planes  during 
flexure,  the  deformations  will  vary  irregularly,  and  consequently  even  if  the  coeffi- 
cient of  elasticity  were  constant,  the  stresses  would  still  vary  in  an  irregular  mamier. 
For  the  purposes  of  this  inquiry,  however,  the  sections  may  be  supposed  to  remain 
true  planes. 

On  this  supposition  the  strains  in  the  successive  fibres  above  or  below  the 
neutral  axis  vary  regularly,  and  therefore,  if  we  suppose  ZOZ'  (Fig.  345)  to  represent 

the  neutral  axis  of  a  beam,  and  AOB  a  vertical  section, 
we  may  set  off  the  compressive  and  tensile  strains  on 
OA  and  OB  for  each  fibre,  such  as  01,  02,  03,  etc.,  for 
the  compression  side,  and  01',  02',  03',  etc.,  for  the  side 
under  tension.  With  a  modulus  of  elasticity  which 
varies  with  the  stress,  such  as  that  of  concrete,  we 
shall  get  a  stress-strain  curve  somewhat  of  the  form 
A'OB',  always  supposing  that  the  cross-sections  remain 
true  planes  during  the  bending  of  the  beam.  The  por- 
tion of  the  curve  from  0  to  B'  cannot  be  properly  deter- 
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mined^  a3  up  to  the  present  the  ratio  which  ought  to  exist  between  the  coefficients 
of  elasticity  for  hke  stresses  in  compression  and  tension  has  not  been  able  to  be 
determined  by  experiment. 

A  stress-strain  curve  such  as  this  is  assumed  by  Herr  Sanders,  of  the  "  Amster- 
damsche  fabriek  van  ciment  ijzerwerken,"  except  that  he  makes  a  break  in  the 
curves  at  the  neutral  axis  (Fig.  346).  To  obtain  the  curves  OA'  and  OB'  he 
employs  Herr  Bach's  equation  for  the  curve  of  deformation  in  direct  compression 

X  =  —-  ^*   from  which  he  obtains  both  the  compression  and  tension  curves  by 

giving  different  values  to  the  constants  E^  and  n  in  tension  and  compression.  The 
formula  arrived  at  from  the  adoption  of  this  curve  for  tensions  and  compressions 
in  the  concrete  is  very  complicated,  and  Herr  Sanders  gives  a  simpUfied  form  of 
curve  for  practical  purposes  formed  by  two  straight  lines  OA"  and  OB"  which 
cut  the  curves  OA'  and  OB'  at  points  situated  at  two-thirds  the  distance  from  the 
neutral  axis  to  the  surfaces  of  the  piece. 

Herr  Spitzer,  chief  engineer  for  the  firm  of  G.  A.  Wayss,  at  Vienna,  and 
Professor  Liitken  have  also  proposed  similar  stress-strain  curves  to  those  of 
Herr  Sanders,  considering  the  cm*ves  as  parabolas  of  the  second  degree. 

Professor  Hatt  in  America  uses  a  somewhat  similar  hypothesis  (Fig.  347). 
He  considers  three  phases  in  the  resistance  of  a  piece  of  reinforced  concrete  sub- 
jected to  bending,  and  advocates  the  use  of  steel  as  a  reinforcement.  The  first, 
until  a  somewhat  indefinite  point  C  is  reached  in  the  curve  of  resistance  at  which 
it  takes  a  bend,  the  stress  at  this  point  Professor  Hatt  takes  as  750  pounds  per 
square  inch  for  the  conciebe  in  compression,  and  300  pounds  per  square  inch  for 

E  E 

that  in  tension,  the  values  for  ^  and  -~J  being   2  and  12   respectively,  E^  and 

E^  being  the  coefficients  of  elasticity  of  the  concrete  in  compression  and  in  tension 
respectively. 

The  second  phase  lakes  us  to  the  point  B  when  the  concrete  cracks  in  tension. 


>y  /r 


Fio.  346 


Fio.  347 


the  stresses  for  this  point  being  taken  as  1,500  and  300  pounds  per  square  inch 
for  the  concrete  in  compression  and  tension  respectively.    The  maximum  elongation 

I  WW 

of  the  concrete  being  considered  as ,  and  the  values  of  -  -  and  J  as  12  and 

1000  E^  h^ 

90  respectively. 

The  third  phase  is  taken  to  t'le  point  of  rupture,  where  the  stress  in  the  rein- 
forcement is  taken  as  36,000  pounds  per  square  inch,  or  the  elastic  limit  of  the 
steel,  which  he  found  was  reached  before  the  concrete  failed  in  compression. 

He  uses  the  parabola  as  the  stress-strain  curves  in  compression  and  tension 
for  his  first  and  second  phases,  an  assumption  which  ho  considers  justified  in  the 
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case  of  the  compressional  stress-strain  curves  from  the  examination  of  a  laige 
number  of  tests  made  at  the  Watertown  Arsenal.  The  results  of  his  examination 
are  given  in  Table  LVI. 

TABLE  LVI  * 


Ratio  of  Area  of  Streas  Strain 

Ratio  of  Moment  of  StreesStiabi 

Mixture 

Age 

Diagram  to  Area  of 

Diagram  to  Moment  Area  of 

Surrounding  Rectangle 

Surrounding  Rectangle 

1:3:6 

4  months 

0-763 

0-605 

:2:4 

4  months 

0-601 

0-482 

:2:4 

4  months 

0-340 

0-478 

:2:4 

3  months 

0-698 

0-660 

:3:6 

9  days 

0-658 

0-400 

:3:6 

1  month 

0-671 

0-407 

:  3:6 

3  months 

0*694 

0-413 

:  3:6 

6  months 

0-716 

0-425 

:2:4 

9  days 

0-639 

0-392 

:2:4 

1  month 

0-773 

0-437 

:2:4 

3  months 

0-720 

0-415 

;2:4 

6  months 

9            •             •             • 

0-722 
0-657 

0427 

Average  of  abov 

0-453 

Theoretical  value 

» from  parabola    . 

0-666 

0-417 

In  a  previous  study  of  the  subject  Professor  Hatt  assumed  stress-strain  curves 
as  shown  in  Fig.  348,  in  which  the  curve  for  tensions  is  formed  after  the  deductions 
of  M.  Considdre,  mentioned  later,  except  that  the  triangle  OCD  is  added  for  the 
sake  of  simplicity.    For  his  third  phase  Professor  Hatt  considers  the  concrete  in 
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tension  as  ofiFering  no  resistance,  all  the  tensile  resistance  of  the  piece  being  that 
due  to  the  reinforcement. 

The  equations  found  on  these  suppositions  allow  no  factor  of  safety,  as  the 
stresses  are  taken  at  their  maximum  values. 

like  M.  Considere's  supposition,  this  assumption  in  the  second  phase  has  the 
advantage  of  taking  into  account  the  resistance  offered  by  the  reinforcement  with- 
out having  to  consider  the  concrete  in  tension  as  having  cracked,  and  also  does 
not  assume  the  concrete  in  tension  as  being  stressed  beyond  the  stresses  usually 
allowed — at  the  same  time  it  is  not  advisable  to  assume  any  resistance  as  being 
offered  by  the  concrete  in  tension. 

Professor  Bitter  has  also  proposed  the  stress  strain  curve  to  compression 
as  a  parabola,  but  he  neglects  the  resistance  in  tension  (Fig.  349). 

»  Engineering  Record,  May  10,  1902. 
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ProfesBor  Talbot  of  the  Umversity  of  lUinois  haa  in  all  probability  arriyed 
nearer  the  truth  than  any  other  authority.  He  asBumes  a  parabolic  strese-Btrain 
corre  in  compression  and  neglects  the. tensile  resistance  of  the  concrete.  He  finds 
the  TnftTimnTn  compreesive  stress,  the  total  compressive  stress  or  the  area  enclosed 


CwftrmMva 


by  the  parabohc  curve,  the  distance  from  the  compressive  surface  to  the  centre 
of  the  compresBive  resistance  for  various  ratios  of  the  deformation  developed  in 
the  upper  fibre  to  the  ultimate  deformation  of  the  concrete,  as  shown  in  Figs.  350, 
351  and  352. 

Several  authors  in  the  early  days  of  reinforced  concrete  assumed  the  same 
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Fig.  351 


constant  coefficient  of  elasticity  in  compression  and  tension,  in  which  case  the 
stress-strain  diagrams  would  be  represented  by  similar  triangles  and  the  neutral 
axis  would  be  at  the  centre  of  the  depth.  This  is  of  cotu-se  an  erroneous  assump- 
tion and  can  be  passed  over  without  further  comment. 

Another  supposition  Ib  that  the  coefficient  of  elasticity  has  a  different  value  in 
compreesitm  than  in  tension,  but  that  in  each  case  the  value  Ib  constant,  the  result 
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being  that  the  stress^train  carves  take  the  form  of  those  assumed  by  Herr  Sanders, 
for  practical  use  shown  in  dotted  in  Fig.  346.  Professor  Melan,  of  Zurich,  assomes 
this  hypothesis  ;  it  is  an  improvement  on  the  last  assumption,  but,  while  the  limit- 
ing stress  in  tension  is  reduced,  the  line  O  B'  should  not  be  straight  for  the  same 


'mahoft. 
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reason  as  given  above,  and  on  this  supposition  the  concrete  in  tension  must  never 
be  allowed  to  crack. 

M.  Considdre  considers  the  stress-strain  curve  as  being  in  the  form  shown 
in  Fig.  353.  The  coefficient  of  elasticity  is  considered  as  constant  on  the  compres- 
fiion  side,  and  to  have  the  same  constant  value  of  2*7  x  10^  up  to  a  stress  of  170 
pounds  per  square  inch  on  the  tension  side  ;  after  this  stress  is  attained  the  coeffi- 
cient of  elasticity  becomes  ml,  and  the  line  C  B'  is  parallel  to  A  B,  the  concrete 
still  being  supposed  to  have  a  resistance  of  170  pounds  per  square  inch.     M.  Piketty 

has  assumed  a   similar   stress-strain  curve  for   some  of  his 
calculations. 

M.  Harel  de  La  Noe  also  uses  this  form  for  his  stress-strain 
curve,  and  assumes  for  the  stress  CC  142  pounds  per  square 
inch,  and  takes  for  his  coefficient  of  elasticity  of  the  concrete 
4*66  X  10*.  This  method  has  the  advantage  6i  taking  account 
of  the  considerable  aid  oflFered  by  the  reinforcements  without 
having  to  consider  the  concrete  in  tension  as  having  become 
cracked,  and  at  the  same  time  not  assuming  the  concrete  as 
being  stressed  beyond  the  stresses  usually  allowed  in  practice. 
M.  Considdre,  however,  considers  that  the  concrete  in  tension  may  be  taken 
into  account  as  adding  to  the  resistance,  whereas  it  is  doubtful  if  the  concrete  in 
tension  can  safely  be  always  considered  as  being  intact  at  all  points,  although  it 
appears  that  if  kept  constantly  wet  during  the  process  of  hardening  initial  crack- 
ing may  be  avoided.  There  is  no  doubt  that  cracks  do  occur  in  the  tensile  portion 
of  the  concrete,  made  in  a  conmiercial  manner,  under  stresses  which  certainly  are 
not  sufficient  to  exceed  the  limit  of  elasticity  of  the  reinforcement.  M.  de  Joly 
found  that  the  test  pieces  for  the  experiments  described  (p.  274),  after  having  been 
kept  for  3  or  4  months,  showed  numerous  cracks  which  were  not  visible  directly 
after  the  tests.  He  considers  it  certain  that  these  occurred  during  the  tests,  but 
were  not  visible  until  the  variations  in  the  atmospheric  conditions  caused  them  to 
open. 
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It  cannot  be  doubted  that  practical  constructors  have  obtained  an  instinctive 
knowledge  of  the  real  properties  of  reinforced  concrete,  and  they  in  their  empirical 
calculations  invariably  leave  the  concrete  in  tension  out  of  account  in  the  resist- 
ance of  the  piece.  M.  Christophe  points  out  that  the  concrete  is  often  found  to 
be  cracked  ewa  before  any  load  is  appUed.  M.  Considdre  himself  also  mentions 
this  fact.  In  this  condition  it  can  offer  no  resistance  in  tension.  If  a  crack  does 
occur,  we  must  necessarily  take  this  section  as  the  one  for  which  to  make  the  cal- 
culations of  the  resistance.  M.  ConsidSre's  studies  have,  however,  considerable 
value,  and  there  is  no  doubt  that  his  hypothesis  must  be  used  when  calculating 
the  deformation  of  the  entire  piece. 

M.  Considere  points  out  that  a  beam  of  concrete  of  the  usual  proportions 
employed  in  practice,  which  has  become  cracked,  does  not  give  a  moment  of  resist- 
ance much  lower  than  a  beam  which  is  intact  except  when  the  percentage  of  rein- 
forcement is  small.  He  states  that  there  is  no  loss  of  resistance  when  the  area 
of  reinforcement  is  3  per  cent,  of  the  area  of  the  concrete,  and  only  becomes  12 
per  cent,  with  2  per  cent,  of  reinforcement,  and  36  per  cent,  with  1  per  cent,  of 
reinforcement. 

If  the  calculations  are  made  on  the  assumption  that  the  concrete  offers  no 
resistajice  in  tension,  the  only  conditions  considered  are  those  for  a  section  which 
has  become  cracked,  and  the  stresses  and  the  deformations  so  calculated  are  not 
appUcable  to  the  portions  of  the  solid  between  two  cracks. 

It  may  be  granted,  then,  that  if  it  is  desired  to  calculate  the  total  deforma- 
tions, as,  when  the  deflexion  of  the  piece  is  in  question,  we  must  consider  that  the 
concrete  offers  some  resistance  in  tension.  M.  Considere  himself  admits  that  the 
supposition  that  the  concrete  in  tension  offers  no  resistance  gives  satisfactory  results 
in  calculation  of  the  dimensions,  but  insists  very  rightly  that  it  cannot  be  appUed 
for  the  calculation  of  the  deformations,  and,  from  consideration  of  the  limits  of 
load  which  may  be  reaUzed  during  actual  working,  finds  that  the  difference  between 
the  reality  and  the  results  obtained  from  the  different  hypotheses  have  the  values 
given  in  table  LVII. 


LVII 


Hypothi 


That  the  cancrete  in  tension  retctins  its  coefficient  of  elasticity 
during  the  complete  test       ...... 

That  the  concrete  in  tension  does  not  have  any  action  in 
the  resistance       ........ 

That  the  concrete  in  tension  remains  perfectly  elastic  so  long 
as  the  extension  does  not  exceed  the  value  which  causes 
rupture  in  plane  concrete,  but  that  when  the  limit  is  ex- 
ceeded it  cracks  ........ 

That  the  concrete  in  tension  remains  perfectly  elastic  as  long 
as  its  extension  does  not  exceed  the  value  which  causes 
rupture  in  plain  concrete,  and  that  after  this  limit  is  reached 
the  coefficient  of  elasticity  becomes  nil,  but  the  concrete 
can  still  offer  its  maximum  resistance     .         «         •         • 


Percentage  of  Differeaoe  from  Reality 


Elongation  of 
Reinforcement 


45 
110 


100 


Contraction  of 
Concrete 


50 
25 


Professor  Von  ThuUie  goes  very  elaborately  into  the  manner  of  resistance 
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of  a  heterogeneous  material.  He  divides  the  resistance  offered  by  a  solid  of  rein- 
forced concrete  to  bending  into  two  stages.  During  the  first  stage  the  concrete 
resists  equally  in  tension  and  compression,  while  in  the  second  he  considers  that 
it  has  become  cracked  in  tension,  and  therefore  offers  no  resistance  to  tensile 
stresses.  He  at  first  assumed  the  coefficient  of  elasticity  in  compression  as  oon* 
stant  throughout  both  phases,  but  later  he  altered  the  Talue  for  the  second  phase 
and  obtained  the  stress-strain  curve  shown  in  Fig.  354  4    the  tensile  stress  CC 

being  the  limiting  resistance  of  the  concrete  in  tension,  which 
M.  Thullie  takes  as  285  pounds  per  square  inch,  or,  if  freedom 
from  all  risk  is  required,  215  pounds  per  square  inch. 

The  value  of  the  tensile  resistance  of  the  concrete  is  very 
small  and  is  neglected  in  the  calculations.  In  compression  the 
coefficient  of  elasticity  has  a  constant  value  of  2-84  x  10*'  for 
stresses  up  to  710  pounds  per  square  inch  at  DD\  after  which 
it  is  taken  as  half  its  former  value  or  1*42  x  10^. 

Fio.  364  This  stress-strain  curve  is  certainly  better  than  those  on  the 

same  lines  which  consider  only  one  phase,  as  it  does  give  some 
value  to  the  reinforcement  during  the  second  stage.  On  the  tension  side,  never- 
theless, it  is  extremely  probable  that,  for  the  higher  stresses  allowed,  the  curve 
would  not  remain  a  straight  Une. 

Prof.  Von  Thullie  also  allows  in  the  second  stage,  which  he  employs  for  deter- 
mining the  section  of  reinforcement,  a  resistance  for  wrought  iron  of  about  50,000 
pounds  per  square  inch,  and  for  concrete  in  compression  from  1,780  to  2,840  pounds 
per  square  inch.  The  stress-strain  curve  for  the  concrete  will  certainly  not  remain 
a  straight  line  for  such  stresses,  as  the  deformation  of  the  section  due  to  the  metal 
having  passed  its  elastic  limit  will  prevent  this,  even  if  the  coefficient  of  elasticity 
in  compression  were  to  remain  constant  for  stresses  increasing  to  such  amounts. 
If  for  this  calculation  stresses  such  as  are  usually  allowed  were  assumed,  there 
would  be  no  great  objection  to  the  stress-strain  curve  in  compression  being  con- 
sidered as  a  straight  line. 

M.  Thullie  admits  that  the  compUcations  of  the  formulae  on  the  supposition 
of  the  break  in  the  stress-strain  curve  in  compression  are  hardly  justified,  and 
that  the  results  on  this  supposition  are  not  very  different  from  those  obtained 
when  considering  the  line  OD'A'  as  straight,  the  assumption  he  made  at  the 
commencement  of  his  studies. 

Professor  Ostenfeld's  method  is  very  similar  to  that  of  Professor  Von  Thullie, 
except  that  instead  of  the  stress-strain  curve  for  the  concrete  in  tension  being  a 
straight  line  up  to  a  stress  very  near  to  the  ultimate  resistance,  he  has  obtained 
from  experiments  carried  out  by  Herren  Grut  and  Nielsen  on  the  elasticity  of 
concrete  in  tension,  a  stress-strain  curve  formed  by  two  straight  lines  OC  and  CB' 
(Fig.  355),  the  stress  CC  being  taken  as  115  pounds  per  square  inch.  The  coeflS- 
cient  of  elasticity  for  the  portion  of  the  curve  OC  he  takes  as  3-55  x  10*,  being 
the  same  as  that  for  the  compression  side,  which  he  considers  constant  through- 
out both  phases,  not  having  two  values  as  in  Prof.  Von  ThulHe's  method.  The 
coefficient  for  the  portion  CB'  is  taken  as  0-995  x  lO',  the  limiting  stress  BB' 
being  200  to  230  pounds  per  square  inch. 

If  the  resistance  of  the  concrete  in  tension  is  allowed,  this  method  is 
undoubtedly  more  correct  than  Professor  Von  ThulUe's,  but  not  so  correct  as 
M.  Considere's. 
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Professor  Waxren,  of  Sydney  University,  in  a  paper  read 
before  the  Royal  Society  of  New  South  Wales,  September 
9,  1905,  describes  some  most  interesting  and  highly  instruc- 
tive tests  carried  out  by  him  to  determine  the  position  of 
the  neutral  axis  in  plain  and  reinforced  concrete  beams  and 
the  strain  curves  under  gradually  increasing  loads,  also  for 
the  determination  of  the  true  form  of  stress  curves  from  the 
actual  strain  curves. 

To  determine  whether  the  conservation  of  plane  sections 
was  a  true  hypothesis,  and,  if  it  was  not,  to  discover  the  true 
stress  curve  in  reinforced  concrete  beams,  Prof.  Warren  tested  10  beams  72  inches 
long,  and  of  10  x  10  inch  cross-section,  one  of  plain  concrete,  and  the  remainder 
reinforced  with  three  rods  varying  in  diameter  from  |^  to  1  inch. 

Four  sets  of  Martens'  mirror  extensometers  were  arranged  on  each  side  of  the 
beam  to  be  tested  at  equal  distances  from  the  centre  of  the  beam,  and  Martens' 
sectors  were  arranged  at  the  top  and  bottom,  in  order  to  determine  the  strains 
produced,  at  four  points  in  the  depth  of  the  beam  on  each  side  as  well  as  at  the 
extreme  fibres. 


Beam  No. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


Cement 


TABLE  LVIII 
Detau^  of  Beams 


Composition 


Sand 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


}  Shivers 

2 
2 
3 
3 
2 
3 
2 
2 
2 
2 


Diameter  of 
3  bars 
inches 


Age 
Days 


None 

i 

i 
i 


342 
367 
353 
353 
367 
365 
369 
314 
320 
319 


The  deformations  were  measured  at  the  tension  and  compression  surfacea 
of  the  beams,  1^  inches  from  these  faces  and  1^  inches  from  the  centre  on  the 
compression  and  tension  side. 

Professor  Warren  plotted  the  deformations  obtained  at  each  of  these  points, 
under  gradually  increasing  bending  moments  ;  and  from  these  curves,  the  strain 
curves  in  the  beams  were  obtained,  the  mean  deformations  for  beams  Nos.  7,  8^ 
9  and  10  being  taken,  since  they  were  all  practically  identical. 

The  stress  curves  were  plotted  from  the  strain  curves  thus  obtained  by  the 
employment  of  stress-strain  curves  deduced  from  the  results  of  direct  tests  on 
plain  concrete  prisms  and  briquettes  made  of  the  same  composition  and  age  as 
the  several  beams  tested.  ' 

Fig.  356  gives  the  strain  and  stress  curves  thus  obtained  for  the  plain  concrete 
beam,  and  Fig.  357  gives  the  mean  curves  for  the  reinforced  beams,  Nos.  7,  8,  9 
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and  10,  also  the  stresses  in  the  steel  per  inch  width  of  beam  obtained  from  the 
strains  measured  and  the  coefiBcient  of  elasticity  of  the  steel.  The  tensile  stress 
curves  in  Fig.  357  are  necessarily  incomplete,  since  the  stresB-strain  dia^m  for 
plain  concrete  briquettes  did  not  furnish  data  for  continuing  the  curves  beyond 
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the  stress  producing  failure  of  the  test  briquette.  In  Fig.  366  it  will  be  noticed 
that  the  neutral  axis  remains  at  the  centre  of  the  depth  up  to  a  bending  moment 
of  about  \  the  ultimate  and  then  gradually  moves  towards  the  compreesion  side. 


.  3C7 


The  strain  curves  show  how  nearly  a  plane  section  remains  plane  after  flexure. 
The  stress  curves  are  more  curved  on  the  tensile  than  on  the  compressive 
side  where  they  approximate  very  closely  to  straight  line. 

The  strain  curves  in  Fig.  357  show  that  in  a  reinforced  concrete  beam  a  plaw 
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section  before  flexure  does  not  remain  plane  after  flexure,  and  that  the  deviations 
is  greater  as  the  bending  moment  increases. 

It  will  also  be  seen  that  the  neutral  axis  moves  from  the  centre  of  the  beam 
towards  the  compression  side  as  the  bending  moment  increases. 

The  stress  curves  obtained  from  the  strain  curves  are  very  nearly  straight 
on  the  compression  side  up  to  a  bending  moment  of  72-5  inch  tons,  which  was  about 
J  the  ultimate ;  but  after  this  they  become  more  and  more  curved,  Nos.  4  and  5 
beng  approximately  parabolic. 

The  curves  obtained  from  beams  3,  4,  5  and  6  showed  the  same  results. 
The  deductions  obtained  from  these  tests  appear  to  indicate  that  while  the 
compressive  stress  curve  in  a  reinforced  concrete  beam  is  parabolic  at  and  when 
approaching  failure,  the  curve  for  the  range  of  safe  stresses  is  more  nearly  repre- 
sented by  a  straight  line. 

M.  Christophe  adopts  a  straight  line  stress-strain  curve  in  compression,  with 
a  coefficient  of  elasticity  of  2-84  x  10«,  and  allows  no  resistance  of  the  concrete 
in  tension  ;  his  stress-strain  curve  is  therefore  that  shown  in  Fig.  368.  He  assumes 
two  limits  of  resistance  of  the  concrete  in  compression  of  425  and  710  pounds  per 
square  inch  according  to  the  method  of  loading,  and  allows  in  a  similar  way  8,520 
and  14,220  pounds  per  square  inch  for  the  reinforcement  of  wrought  iron,  and  12,780 
and  21,330  if  of  steel. 

There  is  no  doubt  that  the  stress-strain  curve  of  the  concrete  in  compression 
is  not  a  straight  line  if  the  hypothesis  of  the  conservation  of 
plane  sections  is  allowed,  but  that  it  more  and  more  closely 
approximates  to  a  parabolic  curve  as  the  stresses  increase, 
as  shown  by  table  LVI,  and  assumed  by  numerous  authorities , 
and  that  the  most  rational  method  to  adopt  is  that 
suggested  by  Professor  Talbot ;  but  the  formulae  based  on 
his  methods  are  somewhat  complex,  and  are  much  simpli- 
fied if  a  straight  line  stress-strain  curve  is  adopted.  Mr. 
Blakeley,  who   has    developed  formulae   and    diagrams    on  Fio.  368 

Professor  Talbot's  conclusions,  shows  that  the  curve  approxi- 
mates closely  to  a  straight  line  for  the  usual  maximum  safe  stresses  allowed 
in  practice.  Professor  Warren's  experiments  also  show,  if  such  delicate  measure- 
ments *  are  to  be  relied  upon,  that  the  stress  curve  for  the  range  of  safe 
stresses  is  more  nearly  represented  by  a  straight  line  than  a  parabolic  curve. 
All  things  considered  and  after  careful  deUberation  it  has  been  decided  to  assume 
a  straight  line  stress-strain  curve  for  the  deduction  of  the  formulae  given  in  the 
next  section.  It  is  probable  that  some  resistance  is  frequently  offered  by  the 
concrete  in  tension  up  to  the  limit  of  the  safe  stresses  allowed,  but  it  has  been 
deemed  better  to  ignore  such  additional  resistance  and  allow  it  to  increase  the 
factor  of  safety.  The  formulae  derived  by  the  authors  are  practically  identical 
with  those  sanctioned  by  the  Prussian  Government  regulations  and  recommended 
by  the  Association  of  German  Architects  and  Engineers.  It  has  therefore  the 
advantage  of  extensive  use  by  designers  in  various  countries. 

Hypotheses  Allowed 

From  the  review  of  the  various  hypotheses  it  appears  that  we  can  safely  assume 
as  a  basis  from  which  our  calculations  may  be  derived — 

1.    That  the  applied  forces  are  perpendicvlar  to  the  neviral  surface  in  pieces 
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sfibjeded  to  simple  bending,  but  not  in  arches  or  structures  under  complex  bending. 

2.  TJuit  each  fibre  acts  by  itself,  not  being  affected  by  the  contigtums  fibres. 

3.  That  if  the  reinforcements  are  disposed  with  a  view  of  obtaining  suffkiaU 
homogeneity,  we  may  consider  the  reinforcemenis  as  always  being  in  solid  contact  wUk 
the  surrounding  concrete,  and  therefore  that  both  the  mdal  and  surrounding  concreU 
are  equaiUy  deformed. 

4.  Thai  the  sections  remain  true  planes  during  bending. 

5.  That  there  are  no  initial  stresses,  or  thai  with  an  increasing  had  commencing 
from  nothing  the  stresses  in  the  different  fibres  wiU  also  commence  from  nil. 

6.  That  although  the  coefficient  of  elasticity  of  the  concrete  does  not  remain  cmslaiii 
in  compression,  and  the  stress-strain  curve  is  in  all  probability  parabolic,  we  assume 
for  the  sake  of  simplification  of  the  formulae  that  it  is  constant  up  to  the  maximvm 
stress  allowed,  since  the  curve  approaches  nearer  to  a  straight  line  as  the  maxirnvm 
cUlotved  stress  decreases  from  the  ultimate  resistance. 

7.  Tliat  the  elongation  of  the  concrete  in  tension  must  not  exceed ,  and  Aot 

1000 

no  tensile  resistance  is  offered  by  the  concrete ;  vnth  the  reserve  that  the  latter  assvmf- 
tion  is  not  adopted  for  the  calculation  of  the  deformations. 


II 

LOADS,    BENDING    MOMENTS,    SHEARING   FORCES,    ETC. 

General  Remarks. — ^The  loads  may  be  applied  in  practice  in  many  difierent 
ways,  each  one  of  which  requires  special  treatment,  but  this  must  necessarily  be 
left  in  great  measure  to  the  discretion  of  the  designer. 

For  instance,  if  the  load  on  a  column  is  greater  on  one  side  than  another,  this 
fact  must  be  taken  into  consideration  in  the  calculations  for  the  design,  as  in 
addition  to  the  direct  pressure  there  will  be  a  bending  moment,  and  the  piece  most 
be  treated  very  much  in  the  same  way  as  an  arch,  where  there  is  usually  a  direct 
thrust  and  a  bending  moment.  The  bending  moment  in  this  case  is  not  to  be 
confused  with  the  column  flexure,  which  takes  place  in  a  long  column  even  under 
direct  pressure. 

Many  other  cases  requiring  special  treatment  will  be  met  with  in  practioe, 
but  the  general  lines  laid  down  will  serve  as  a  guide  in  the  design  in  all  instances. 

In  the  case  of  pieces  subjected  to  transverse  loading,  the  position  and  manner 
of  distribution  of  the  load  has  a  great  effect  on  the  position  and  amount  of  the 
maximum  bending  moments  and  shearing  stresses. 

Many  excellent  text-books  have  been  published  which  deal  very  thoroughly 
with  this  question,  and  it  is  only  proposed  to  go  very  briefly  into  the  subject,  the 
remarks  that  will  be  made  only  covering  a  few  cases  which  may  not  be  generally 
well  known  and  referring  especially  to  reinforced  concrete. 

WEIGHT  OF  REINFORCED  CONCRETE 

It  is  very  necessary  to  assess  fairly  closely  the  weight  of  concrete  when  rein* 
forced,  as  in  many  cases  the  weight  of  the  structure  itself  is  a  very  large  percentage 
of  the  total  load.  The  weight  must,  of  course,  depend  upon  the  proportion  rf 
ingredients  and  natiu^  and  amount  of  reinforcement.    In  the  proportions  geueraOy 
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CALCULATIONS 

adopted  for  reinforced  works  the  mortar  or  concrete  will  have  about  the  following 
weights — 

Mortar  of  cement  and  sand        .  .  •  •     120  to  ~130  pounds  per  cubic  foot. 

Concrete  of  shingle  or  broken  stone   .  •  .     130  to  140        ,,  „         „       „ 

Concrete  of  coke  breeze  or  furnax^e  ashes    .  •       70  to     80        ,,  „         „       „ 

If  we  assume  a  concrete  weighing  140  pounds  per  cubic  foot  and  the  reinforce- 
ment of  wrought  iron  at  480  or  of  steel  at  490  pounds  per  cubic  foot,  we  must  add 

for  ea<jh  1%  of  reinforcement or  3*4  pounds  per  cubic  foot  for  wrought 

iron,  and  similarly  3*5  pounds  per  cubic  foot  for  steel. 

The  amount  of  reinforcement  seldom  exceeds  from  3  to  4  per  cent.  We  may 
therefore  safely  asstime  the  maximum  weight  of  reinforced  concrete  of  shingk  or  broken 
8kme  to  he  166  ^pounds  per  cubic  foot. 

In  France  the  allowance  is  generally  2,500  kilogrammes  per  cubic  metre,  the 
English  equivalent  being  155*5  pounds  per  cubic  foot. 

LOADS  ON  COLUMNS  AND  PILES 

Columns. — ^The  loads  on  columns  will  be  the  reactions  of  the  beams  which 
they  support.    The  reactions  for  ordinary  cases  are  well  known. 

The  reactions  in  the  case  of  beams  extending  over  many  equal  spans  and 
freely  supported  at  the  ends  are  given  below  for  handy  reference,  although  they 
may  be  found  in  most  of  the  well-known  text-books  dealing  with  the  subject.  The 
form  of  table  is  an  excellent  one  and  is  adopted  from  Du  Bois'  Graphical  Statics, 

TABLE  LIX 


S32  \/ 374  \/44g\sy   /5S  \VW 


The  numbers  in  the  diamonds,  representing  the  supports,  must  be  multiplied 
by  wL  to  give  reactions,  L  being  the  length  of  a  single  span. 

Piles. — For  the  load  which  a  pile  will  have  to  bear,  to  be  used  for  calculating 
the  dimensions  of  the  reinforcement,  we  must  take  the  greatest  load  which  it  can 
have  to  support  during  the  operation  of  driving. 

This  will  be  P  =  Q  X  8  v^fall  of  ram  in  feet  [1] 

{Q)  beixig  the  weight  of  the  ram. 

llie  piles  must  be  well  guided  to  avoid  flexure. 
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For  the  bearing  power  of  piles  after  they  have  been  driven  we  may  use  Bitter's 
formula,  often  spoken  of  as  the  Dutch  formula. 
This  formula  stands — 

'4^+«-hr  PI 

where — 

P  is  the  load  in  pounds. 

Q  the  weight  of  the  monkey  in  pounds. 

q  the  weight  of  the  pile  in  pounds. 

h  the  height  of  fall  in  inches. 

e  the  last  penetration  in  inches,  which  may  gradually  be  taken  as  from  about 
0'25  to  0*10  inches  according  to  the  nature  of  the  ground  ;  in  ordinary  conditiooB 
0*25  is  considered  sufficient. 

The  value  found  for  P  is  the  resistance  to  further  penetration  and  must  be 
reduced  for  the  safe  bearing  power — ^a  factor  of  safety  of  10  is  very  generally 
allowed* 


Pressure  of  Grain,  etc.,  in  Bins. or  Silos 

Mr.  Wilfrid  Airy,  in  a  paper  published  in  the  Minutes  of  Proceedings  of  the 
Institution  of  Civil  Engineers,  Vol.  cxxxi,  and  in  a  note  on  this  paper  in  Vol.  cxxxvi, 
discusses  the  pressiu*e  of  grain.  He  treats  the  grain  as  a  semi-fluid  on  the  principle 
explained  by  Weisbach  in  his  Mechanics  of  Machinery  and  Engineeringy  Vol.  ii, 
which  assumes  that  the  pressure  on  the  side  of  a  bin  is  the  maximum  pressure  dne 
to  a  wedge-shaped  mass  of  grain  which  may  be  supposed  to  separate  from  the 
general  mass.  There  is  friction  between  the  grain  and  the  sides  of  the  bin,  and 
also  between  the  grain  along  the  supposed  plane  of  separation  of  the  wedge-shaped 
mass.  These  frictions  vary  with  the  nature  of  the  grain  and  the  material  of  which 
the  bin  is  constructed. 

I.  When  the  depth  of  bin  is  much  greater  than  the  width,  the  plane  of  separa- 
tion meets  the  opposite  side  of  the  bin  within  the  mass  of  the  grain. 

II.  When  there  is  only  a  small  depth  of  grain  the  plane  of  separation  passes 
out  before  it  strikes  the  opposite  side. 

These  two  cases  have  a  common  limit  at  a  particular  depth  of  grain. 

Mr.  Airy  shows  that  when — 

lUL  =coefficient  of  friction  between  grain  and  grain. 

fi^=        „  „  „  „     and  the  sides  of  the  bin. 

h  =depth  of  the  bin  in  feet. 

{  z^rlength  of  bin. 

b  =breadth  of  the  bin  in  feet. 

d  =dameter  of  circular  bin  in  feet. 

y  ==^eight  of  a  cubic  foot  of  the  grain  in  pounds. 

p  =pressure  against  the  sides  of  the  bin  in  pounds  per  foot  run  of  horizontal 
perimeter. 

/Lt'/t)=the  friction  between  the  grain  and  the  side. 

Therefore  jm^p  x  perimeter  in  feet  =:  weight  of  grain  held  up  by  the  friction 
cm  the  sides, 

and  7  X  cubic  contents  of  bin  in  cubic  feet — fx^p  x  perimeter  in  feet  will  be  the 
weight  carried  by  the  bottom  of  the  bin. 
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Case  L      p 


?}• 


Case 


11.      ^=^^|v^f(M+MO+(l-MMO->/l+^. 


[IJ 


p=y 


The  value  of  h  common  to  Case  I  and  Case  II  i 


[2] 


•''M^W^M 


[3] 


For  values  of  h  less  than  that  found  by  equation  [3],  equation  [I]  must  be 
used  to  find  /o, 

and  for  values  of  h  greater  than  that  found  by  equation  [3],  equation  [2]  must  be 
used  to  find  p. 

For  a  square  bin  he  finds  from  Case  II  and  the  equation — 

Weight  on  bottom=:7A6*— /i'x/t)X46 

that  the  value  of  h  for  the  maximum  pressure  on  the  bottom  is — 


[4] 


Mr.  Airy  gives  the  values  in  Table  LX,  for  the  various  kinds  of  grain,  to 
which  have  been  added  those  for  cement  kindly  obtained  for  the  authors  by  Mr. 
C.  W.  Sharrock,  Manager  of  Wouldham  Cement  Works,  Grays,  Essex. 


TABLE  LX 


Weight  per  cubic 
foot  in  pounds 

Co3fficients  of  Friction 

Nature  of  grain,  etc. 

Grain  on  grain 

Grain  on  cement. 

M* 

Wheat    . 

Barley    . 

Oats 

Maize 

Beans 

Peas 

Tares 

Linseed 

Cement . 

»           % 

53 
43 
32 
48 
50 
54 
53 
45 
95* 

0*466 
0-507 
0-632 
0-521 
0616 
0-472 
0-554 
0-456 
0-316 

0-444 
0-452 
0-466 
0-423 
0-442 
0-296 
0-394 
0-414 
0*554 

By  making  a  Table  in  the  form  given  below  the  loads  on  the  sides  and  bottom 
of  a  bin  may  be  found  at  various  depths. 

Tablb  fob  a  Squa&b  Bnr 


JDepth  of 
^ain  in  bin 


2 

Weight  of  grain 

in  bin 


Pressure  on 

sides  per  foot 

of  perimeter 

P 


Total  pressure 

on  sides  of  bin 

P  x4d 


Weight  of  grain 
held  up  b^ 

friction  on  sides 
Col.  4  X  ft' 


6 
Weight  of  grain 
on  bottom 

of  bin 
Col.  2-col.  5 


When  the  bin  is  rectangular  the  values  for  h  in  equation  [3]  will  be  different 
for  the  sides  and  ends,  since  for  the  ends  we  must  substitute  I  for  6.    Also  the  values 

^  Weight  of  pa>cked  cement, 
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of  p  for  Case  II  will  vary,  since  for  the  erida  I  must  again  be  substituted  for  h.  Con- 
sequently the  above  table  will  take  a  different  form  for  a  rectangular  bin,  since  the 
pressure  on  the  sides  and  ends  of  the  bin  will  be  different  for  the  same  depths  of 
grain  after  the  depth  found  for  the  sides  from  equation  [3]  is  exceeded — 

Col.  2  will  be  yxhxlxb,  Col.  3  will  be  in  two  columns,  one  for  the  sides  and 
the  other  for  the  ends,  giving  p  and  p\  and  Col.  4  will  he  px  2l+p'  x  2b. 

For  circular  bins  p  can  be  found  from  equations  [1]  and  [2],  and  h  from  [3], 

the  perimeter  used  in  Col.  4  will  be  3'1416c2,  and  the  horizontal  area  in  Col.  2  will  be 
0-7854d2. 

Mr.  Airy  also  found  that  for  any  rectangular  bin  in  which  the  proportion 

I  h 

-  is  the  same,  the  pressure  on  the  sides  and  bottom  will  vary,  as  6*  at  heights  when 

o  0 

is  constant ;  for  instance,  if  a  table  as  described  above  is  made  for,  say,  a  square 

bin  (where  =1)  with  10  foot  sides,  then  if  we  require  the  pressures  on  a  square  bin 

with  6  foot  sides  filled  to  a  depth  of  30  feet — 

Then  ,  =     =6,  and  for  the  bin  with  10  foot  sides  5  =  -^  =  — 
6      6  6,     10 

6'       68 
Then   —  =  — ,  which,  multiplied  by  the  pressures  in  the  bin  with  10  foot  sides 

at  a  depth  of  grain  of  50  feet,  will  give  the  pressures  on  the  6  foot  bin. 
In  the  same  way  for  circular  bins  the  pressures  will  vary  as  d*. 


BENDING  MOMENTS  AND  SHEARING  FORCES 

General  Remarks. — In  the  following  discussion  L  represents  the  span,  W  a 
concentrated  load,  w  a  distributed  load  per  imit  length,  Mq  and  Mj^  the  bending 
moments  at  the  centre  of  the  span  and  over  the  supports  respectively.  The  units 
most  convenient  to  adopt  are  the  inch  and  the  pound,  the  width  of  strip  con- 
sidered in  the  case  of  slabs  being  one  foot.  The  load  is,  however,  frequently  taken 
as  per  foot  run  and  the  span  in  feet,  the  bending  moment  being  multiplied  by  12 
to  bring  it  to  inch-pounds. 

In  the  case  of  a  piece  supported  freely  at  the  ends,  the  bending  moment  and 
shearing  forces  under  ordinary  distributed  and  concentrated  loads  are  well  known 
and  need  no  further  remarks. 

Piece  Fixed  or  Built  in  at  Both  Ends. — ^When  a  piece  of  uniform  section  is 
perfectly  fixed  at  the  ends,  the  points  of  contra-flexiu'e  are  at  distances  of  0-21  L 
and  0-25  L  from  each  support  for  a  uniformly  distributed  and  a  central  concen- 
trated  load  respectively. 

There  are  two  maximum  bending  moments — 


For  a  uniformly  distributed  load. 


M^=^ 


24 


For  a  load  concentrated  at  centre. 


12 


M^=^ 


8 
WL 

8 


The  +  ^^^  representing  those  moments  which  produce  a  down/ward  deflexion,  and 
the  —  sign  those  which  produce  an  upward  deflexion.  These  signs  tvill  always  be 
tised  in  a  similar  manner  when  treating  of  bending  moments. 
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The  maximum  shearing  forces  are  the  same  a8  for  a  freely  supported  piece, 
being  alike  at  both  ends. 

For  a  uniforinly  distributed  load.  For  a  load  concentrated  at  centre. 


K= 


wL 


[3] 


K= 


W 


[4] 


The  shearing  force  in  both  cases  being  nil  at  the  centre  of  the  span. 

In  reinl'orced  concrete  structures  the  building  in  can  never  be  considered  as 
perfect,  and  consequently  the  above  values  for  the  maximum  bending  moments 
are  incorrect. 

If  we  construct  the  diagrams  of  bending  moments  for  a  freely  supported  beam 
as  in  Figs.  359  and  360,  for  a  uniformly  distributed  and  a  centrally  concentrated 
load,  the  closing  line  situated  in  the  positions  CD  is  that  for  a  perfectly  built-in 
beam  of  uniform  section.    Reinforced  concrete  beams  are  never  perfectly  built 


Fig.  359 


Fio.  3dO 

in  and  are  seldom  of  uniform  section ;  we  must  therefore  place  the  closing  line, 
according  to  judgment,  in  some  position  either  horizontally  or  inclined  within  the 
parallelogram  A  B  C  D. 

The  exact  position  will  in  reality  vary  under  different  circumstances  and  must 
be  left   to  the  discretion  of  the  designer. 

Fox  a  beam  of  uniform  strength  the  bending  moments  are  the  same  as  those 
for  a  beam  uniform  section  for  a  centrally  concentrated  load,  but  under  a  uniformly 
distributed  load  that  at  the  support  is  .^^^  wL^,  and  that  at  the  centre  ^^  wU, 

A  reinforced  concrete  beam  is  neither  of  imiform  section  nor  of  uniform  strength 
when,  as  is  usually  the  case,  it  is  constructed  with  no  compressive  reinforcement 
and  with  bent  bars.  For  perfect  building  in,  therefore,  the  closing  line  would 
take  some  intermediate  position. 

Many  constructors  assume  the  maximum  bending  moment  for  a  uniformly 

distributed  load  as  JIf  =  + at  the  centre  of  the  span. 


10 
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If  this  YtiuJd  is  admitted  we  must  remember  that  there  is  still  a  reflex  action 
at  the  supports,  as  can  be  seen  by  the  diagram  (Fig.  359)  which  will  be 


— (     —  —  )  wL^  or 7i^^*' 

\8      10/  40 


Similarly,  if  we  consider  the  value  of  Mq  for  a  concentrated  central  load  to  be 

WL 
Mq  =  +— r-  we  find  the  bending  moment  over  the  supports  will  be 


M^=- 


WL 

20 


but  these  values  are  not  a  sufficient  allowance  for  this  bending  moment. 

If  the  line  EF  is  placed  midway  between  AB  and  CD,  we  get  the  mean  valueB 
for  the  bending  moments,  between  those  for  a  freely  supported  and  those  for  a 
perfectly  built-in  beam.  It  will  generally  be  safe  to  assume  this  position,  unless 
circumstances  lead  the  designer  to  prefer  some  other,  and  the  closing  line  E  F  wSi 
be  assumed  throughout  the  present  treatment  of  the  subject. 

In  which  case  we  get — 


For  a  uniformly  distributed  load. 


12 

wL* 

2i 


[5] 
[6] 


For  a  load  concentrated  ab  centre. 

3WL 


Ma=  + 


16 
WL 

16 


[7] 
[8] 


as  shown  by  the  dotted  closing  lines  in  Figs.  359  and  360. 

These  are  the  values  which  are  recommended  for  use  in  the  treatment  of  pieces 
of  reinforced  concrete,  subject  to  the  designer's  judgment. 

Pieces  Supported  at  one  End  and  Fixed  at  the  Other. — ^If  a  piece  is  rigidly 
fixed  at  one  end  and  supported  at  the  other  the  point  of  contraflexure  is  at  a  dis- 
tance of  0*267Zr  from  the  fixed  end  for  a  unifonnly  distributed  load,  the  distance 
being  0*33L  for  a  central  concentrated  load. 

The  maximum  bending  moments  for  a  uniformly  distributed  load  are  at  a  dis- 

9 
tance  of  0-367  from  the  free  end  and  over  the  fixed  support,  being  if  a^^.  =  H ^^ 

and  M^  =  — respectively. 

o 

For  a  load  concentrated  at  the  centre  the  bending  moments 

M^  =  +  ^WL  and  M^  =  —^^WL. 


The  values  for  the  shearing  forces  are  as  follows — 

For  a  load  concentrated  at  centre. 


For  a  uniformly  distributed  load. 
At  the  fixed  support  K^^^=   wL 


11^ 
=  -   W. 

16 


At  the  free  support  K^^  =  twL 

8 


K 


=  ^-W. 
16 
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If  we  take  the  mean  as  before,  we  get — 
For  a  uniformly  distributed  load.    For  a  load  concentrated  at  the  centre. 


^w^  =  +  0097wL» 


^  16 


9 


[9] 
[10] 


At  fixed  support  K^^  = — wL    [13] 

7 
At  free  support  K,„^  =  — wL      [14] 

16 


M,=-^WL 

^  32 

max.        32 

"^'      32 


[11] 
[12] 

[15] 
[16] 


A  Piece  Extending  over  Several  Supports. — ^This  is  the  only  case  where 
we  may  consider  the  building  in  as  perfect  over  the  intermediate  supports.  Tables 
LXI  and  LXII  give  the  bendii^  moments  at  the  supports  and  the  maximum  bend- 
ing moments  on  the  intervening  spans  for  a  continuous  beam  of  uniform  section 
freely  supported  at  the  ends  and  of  equal  spans.  The  maximum  bending  moment 
on  the  spans  will  not  be  at  the  centre,  but  will  be  very  near  it  except  in  the 
cases  of  the  side  spans.  When  the  beam  is  built  in  at  the  ends,  there  would  be  an 
al'teration  of  the  bending  moments  throughout  the  whole  of  the  outer  spans. 

The  numbers  in  the  diamonds,  representing  the  spans,  must  be  multiplied  by 
wl^  to  give  the  bending  moments,  L  being  the  length  of  a  single  span. 

By  drawing  a  diagram  of  bending  moments  for  a  free  span  and  erecting  the 
bending  moment  at  the  first  support  given  in  Table  LXI  the  closing  line  can  be  drawn 
according  to  the  conditions  obtaining  at  the  abutment,  and  from  this  line  the 
maximum  bending  moment  on  the  side  span  may  be  determined.  But  usually 
in  practice  it  wUl  be  sufficient  if  we  assume  the  bending  moment  at  the  abut- 


TABLE  LXI 


iX 


ments  to  be  the  same  as  for  a  single-span  built-in  beam,  i.e. wl^  in  every 

case,  and  neglect  the  alta^ation  of  the  maximum  bending  moment  on  the  span 
itself. 
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TABLE  LXn 


l/0'l2S 
II  /p  0709^0070^   X  ^ 

^^     ill  /  0  06   yCoois  yi  o  o»  \^ll       '%. 

Q*  '^  An  my 9    yi  n  n^HAyC  a  osmAyco  077i    X   *» 


JO  0772    XO  03€4  X  O  039*  XO  0772 


/ 


jy  ^ /o  0775    X  0  0329   X  0  0*BI   X  0  0325  X  0  0775 

VI  /o  0777  ^(00340  X  0  0*^*   K  °  ''***  \0  0340  )(^0  0777 


/ 


v/ 


/ 


^^^  >^0  0777  ^0  03J4  'X^  ****   y<^0  040«   X^  0  04*  \'0  0J34  ^O  0777  \  V// 
yiUj/o'0777     /o  0339  Vo  0436  \^0  04/2  ^Vo  0412   \/o  0438^0  0333^(0  0777  ^^H^ 


/ 


/ 


0-0777  /C00393  /\0  0438  )( 0  0410  X    0042    yCo  0410  /(o  043B   X^O  0333     XO  0777 


A  Load  of  a  Constantly  Increasing  Intensity  from  Nil  at  one  End  of  the 
Piece  to  (w)  at  the  Other. — It  may  be  well  to  mention,  before  concluding  the 
discussion  on  bending  moments  and  shearing  stresses  on  beams,  the  special  cases 
where  the  load  increases  from  one  end  to  the  other  of  the  piece  as  it  applies  to 
rectangular  reservoirs  above  ground  level  with  floor  and  a  roof  and  also  to  rectangular 
silos. 

If  the  piece  were  freely  supported,  the  maximum  bending  moment  would  be 
at  a  distance  of  0-577X  from  the  end  where  the  load  intensity  is  nil,  and  would 
have  a  value  of 

^miz.  =  0'064wLK 

With  rigid  building  in  the  maximum  bending  moment  on  the  beam  will  be 
at  a  section  at  a  distance  of  0*4472/  from  the  heavily  loaded  end,  and  the  points  of 
contraflexure  will  have  distances  of  O'OSL  and  0'73L  from  the  same  end. 

The  bending  moments  will  be  approximately — 

At  the  lightly    loaded  support  M^^i.  =  ~ 0031  wL^. 
At  the  heavily  loaded  support  Mj^^  =  —  0-023u?L*. 
At  the  section  at  a  distance  of  0*5532/  from  the  end  where  the  load  is  nil 
Ms  =  +  0033w;L«. 

In  the  case  of  an  elevated  reservoir  with  floor  and  roof  with  a  length  of  wall 
comparatively  great  with  respect  to  the  depth,  w  =  62*52i  in  pounds  per  square  foot 
on  a  strip  a  foot  wide. 

As  the  building  in  cannot  be  considered  perfect,  it  is  advisable  to  allow  the 
means  between  the  two  cases  for  the  values  of  the  bending  moments. 

We  have  therefore  in  such  a  case  the  approximate  value  of — 


31^7=  —  0'02wL^ 


AL 


J[f^H=r— 0*0125w;X« 
Ma  =  +  0*06w;2:2 


[17] 
[18] 
[19] 


For  a  covered  elevated  reservoir, 
Jf^^=:  — 1*25L»  [20] 

Jf^„  =  — 0*78L»  [21] 

J|f5=:  +  31252:»  [22] 


(Equations  20,  21  and  22,  will  be  in  foot-pounds  on  a  strip  one  foot  wide.     L  being  in 
feet  must  be  multiplied  by  12  to  reduce  to  inch- pounds  on  a  strip  one  foot  wide.) 
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The  shearing  forces  may  be  taken  as  the  same  as  for  a  freely  supported  pieee^ 
being  maximum  near  the  heavily  loaded  support,  where  it  has  the  value 

E=~.  [23] 

Slabs. — ^With  a  slab  either  built  in  or  freely  supported  at  the  four  edges, 
supposing  (jB)  the  smaller  span  and  (L)  the  longer,  according  to  the  usually 
accepted  formulae,  the  bending  moments  given  for  beams  must  be  multiplied  by 

;  where  {B)  is  the  span  of  the  beam,  and  when  (L)  is  the  span  of  the 


B* 


L*+B* 

beam  the  coefficient  becomes   ^, 

B^+L^ 

In  Le  Ciment  for  August  and  September,  1904,  there  were  articles  on  the 
subject  of  bending  moments  on  rectangular  slabs  supported  or  fixed  on  all  four 
sides. 

The  conclusions  arrived  at  were  that  the  ordinary  formulae  with  a  coefficient 

— -^  could  not  be  absolutely  correct,  since  it  was  incorrect  to  assume  that  each 

pair  of  strips  acted  by  themselves  as  if  free  from  the  adjacent  strips,  and  that  the 

true  coefficient  for  the  shorter  span  something  between  -— —  and — -- 

^  *  (B^  +  L^)^  B*  +  L^ 

Similarly  for  the  longer  span  the  true  coefficient  would  be  something  between 


B* 


and 


B^ 


It  was  suggested  that  in  all  probability  a  mean  between 


B^  +  L^  (B^+L^)^ 

these  two  values  would  be  correct,  and  it  was  found  for  the  shorter  span  that  between 

the  values  of  —  =:  1  and  —  =  2-5,  the  empirical  coefficient  of  0'40-—   would   be 

B  B  B 

sufficiently  accurate,  as  the  following  table  will  show. 

TABLE  LXIII 


B 


L* 


L*  +B* 
2 


1 

1-26 

1-60 

1-76 

200 

2-60 


0-50 
0-71 
0-84 
0-89 
0-94 
0-98 


L* 


(L»  +  B«)« 
3 


0-26 
0-37 
0-48 
0-57 
0-64 
0-74 


Mean  of  ools. 
2  and  3 


0-4 


0-376 

0-64 

0-66 

0-73 

0-79 

0-86 


0-40 
0-60 
0-60 
0-70 
0-80 
100 


The  values  in  Col,  6  will  be  employed  in  developing  the  formulae,  but  in  case 

LA 

the  designer  prefers  to  use  the  coefficient  ——-    diagram,  Kg.  361  gives  the  values 

L  B^ 

for  various  proportions  of  — ,  andDiagram  Fig.  362  gives  similar  values  for———— 

■^  B  B*  -f"  -^ 

for  use  for  the  longer  span. 

The  greatest  bending  moment  will  be  that  for  the  sJiorter  span,  but  when 
reinforced  concrete  is  under  consideration,  the  stability  parallel  to  the  longer  side 
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must  be  provided  for  with  reinforcing  bars,  and  the  necessary  sections  for  these 
bars  must  be  obtained  for  both  spans. 

We  have,  then,  for  a  uniformly  distributed  load  on  a  built-in  slab  of  one  span- 
using  the  values  of  Mq  and  Ma  gi^^^  for  beams  in  equations  [5]  and  [6] — 

For  the  shorter  span. 
Mc  =  +  ^^  XO.44  [2*] 


12 


Ma  =  — X  0-4    -^ 

^  24  B 

For  a  square  slab. 

Mc  =  +  O.S33wi« 

Jf  ^  =  —  O'leiwL^ 

For  freely  supported  slabs  the  bending  moment  at  the  centre  will 

For  the  shorter  span. 

Mn  = X  0-4  -— 

^8  B 


[25] 

[26] 
[27] 


[28] 


when  the  slab  passes  over  several  supports. 

The  values  given  in  Tables  LXI  and  LXII  may  be  used,  remembering  that 

for  the  shorter  span  the  tabular  coefficients  must  be  multiplied  by  wB^  and  0-4-- 

When  using  these  values,  however,  it  must  be  remembered  that  the  slab  is 

not  absolutely  fixed  at  the  supports  by  reason  of  the  deflexion  of  the  beams^  but 

this  deflexion  is  so  sUght  that  for  practical  purposes  we  may  neglect  it. 

L 
Since,  with  the  same  values  of  ^,  for  the  shorter  span  the  moments  vary  as 

B^L^y  and  for  the  longer  span  as  L^B^  and   n%Ti — jY. 

ft 

If  Mj^  is  the  bending  moment  for  the  longer  span,  and  Mg  that  for  the  shorts 
«pan,  we  get  the  ratio 


M 


=  -jjOvM,=M,-^ 


[29] 


This  is  a  useful  deduction,  since  it  follows  that  the  area  of  reinforcement  in  a 
longitudinal  direction  will  be  —  the  area  in  a  transverse  direction,  if  both  rein- 
forcements were  at  the  same  depth  below  the  upper  surface,  as  will  be  seen  later. 

The  shearing  forces  may  without  much  error  be  deduced  by  allowing  the  same 
coefficients  of  reduction  as  used  for  the  bending  moments. 

For  a  uniformly  distributed  load  the  shearing  forces  will  have  the  following 
values  close  to  the  support  at  the  middle  of  the  longer  side — 


^2  B 

and  at  the  middle  of  the  shorter  support — 


[30] 


[31] 


For  a  square  slab — 


K=  wL 
5 


[32] 
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WIND  PRESSURE 

General  Remarks. — ^The  wind  pressure  will  vary  somewhat  according  to 
the  structure.  It  would  be  greater  on  a  plain  wall  exposed  on  the  front  and  rear 
face  than  on  a  building  with  four  sides,  on  account  of  the  vacuum  which  is 
produced  behind  a  thin  structure  by  the  force  of  the  wind. 

As  a  rule,  in  the  case  of  reinforced  concrete  the  structure  is  not  of  a  thin  nature 
compared  with  its  length,  and  we  may  take  from  30  to  40  pounds  per  square  foot 
as  the  maximum  pressure  in  any  but  very  exposed  situations,  or  where  the 
configuration  of  the  land  tends  to  concentrate  the  wind  on  the  structure  under 
consideration. 

In  such  situations  the  limit  should  be  increased  to  50  or  55  pounds  per  square 
foot. 

For  Isolated  Erections  such  as  chimneys,  telegraph  poles,  towers,  and 
structures  of  a  similar  nature  the  resistance  to  bending  must  be  calculated  by 
the  use  of  the  formulae  given,  pp.  438  to  444, 

The  pressure  of  the  wind  is  reduced  when  it  acts  on  inclined  surfax^es ;  for  a 
ajjherical  surface  the  area  of  the  vertical  axial  plane  must  be  multiplied  by  0*41, 
for  a  structure  circular  in  plan  the  area  of  the  vertical  axial  plane  must  be  reduced 
by  multiplying  by  0-50,  for  an  octagonal  plan  the  multiplier  will  be  0-56,  and  for 
an  hexagonal  plan  it  will  be  probably  about  0*66.    As  a  general  rule  the  centre  of 
action  of  the  wind  pressure  will  be  at  the  centre  of  gravity  of  the  area  of  the  plane 
on  the  vertical  axis  above  the  section  under  consideration.    In  the  case  of  tele- 
graph poles  there  will  be  two  centres  of  pressure,  one  for  the  pole  itself  (the  bend- 
ing moment  due  to  the  force  acting  on  this  is  small),  and  the  other  that  due  to  the 
force  on  the  wires.    The  centre  of  gravity  for  the  piece  under  consideration  may 
be  found  by  calculation,  or  by  cutting  out  a  piece  of  cardboard  or  paper  of  uniform 
thickness,  and  suspending  it  consecutively  from  two  corners  and  drawing  vertical 
lines  from  the  points  of  suspension — ^where  these  lines  cross  is  the  centre  of  gravity 
of  the  piece.    Having  found  the  centre  of  pressure,  the  bending  moment  will  be 
the  total  force  due  to  the  wind  pressure  multipUed  by  the  height  from  the  section 
under  consideration  to  the  centre  of  pressure,  less  the  weight  of  the  structure 
multiplied  by  the  distance  from  the  centre  of  gravity  to  the  outer  edge ;   the 
total  force  ot  the  wind  and  its  centre  of  pressure  being  those  for  the  area  above 
the  section  in  question. 

When  a  Building  of  the  Usual  Kind  is  under  consideration  it  is  generally 
unnecessary  to  inquire  into  its  stability  against  ^dnd  pressure,  as  this  is  amply 
provided  for.  The  end  walls  will  in  this  case  act  as  cantilevers,  and  the  floors  and 
roof  as  deep  girders,  connecting  the  exposed  face  to  them,  in  a  perfectly  rigid  manner. 

In  the  case  of  buildings  with  many  windows  or  rectangular  openings  in  the 
end  faces,  it  will  be  necessary  to  provide  special  reinforcements  at  the  junctions  of 
the  vertical  and  horizontal  framings,  to.  strengthen  these  parts  aganst  any  turn- 
ing efifect  produced  by  the  wind  pressiu-e  on  the  exposed  face.  This  is  usually 
done  by  placing  inclined  rods  at  the  angles. 
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III 

FORMULAE 

DIRECT    COMPRESSION— PIECES    WITH    LONGITUDINAL 

REINFORCEMENTS 

A  transTerse  section  of  the  piece  is  considered.  This  is  displaced  in  a  direction 
parallel  to  itself  by  the  application  of  a  load  P.  If  b  is  the  width  and  d  the  length 
of  the  cross-section 

We  have  therefore — 

p=c{bd-w)+fw.  [1] 

As  the  displacement  of  the  concrete  and  reinforcements  are  the  same,  we  have 
the  relation — 

t==LoTf=C^(  [2J 

E 
And  we  have  allowed  that  rw  =-^=rl5.  [3] 

E 

We  have  f=mc  [4]^ 

and  P=c{bd  +  (m  —  l)}(o  [5] 

When  it  is  required  to  check  a  piece  already  designed,  c  is  first  found  from  [5]^ 
after  which  the  value  for  /  is  obtained  from  [4]. 

If  it  is  necessary  to  design  a  column  or  other  piece  under  direct  compression^ 
we  know  the  value  of  P,  and  we  decide  tn  the  working  stress  of  the  concrete. 

We  obtain  the  value  of  /  or  the  working  stress  of  the  reinforcement  from  [4]. 

Sometimes  the  sectional  area  of  the  piece  has  been  decided  on  from  practical 
considerations,  in  which  case  we  can  find  the  sectional  area  of  the  reinforcements 
from  equation  [6],  which  may  be  written — 

(m  — l)ft)  =  ~  — 6d  [6] 

c 

If  we  do  not  know  the  value  of  bd,  we  must  give  a  value  to   - ,  i.e.  the  percentage 

bd 

of  reinforcement.     Suppose  --=>!/•  and  p  being  the  imit  stress  the  piece  would 
bear  if  it  were  homogeneous, 

Taking  mrri^lS  we  have  from  equation  [6] 

p=c{l  +  Uyfr)  [8] 

The  sectional  area  of  the  reinforcements  is  found  by — 

w=yfrbd  [9] 

Allowing  a  working  unit  stress  on  the  concrete  of  400  pounds  per  square  inch 
we  get  from  equation  [8]  the  values  of  p  given  in  Table  LXIV. 

*  It  will  be  seen  that  for  pieces  under  direct  compression  the  stronger  the  concrete  the 
greater  will  be  the  economy  due  to  the  presence  of  the  reinforcements. 
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TART-K  LXIV* 

Percentage  of  Reinforcement 

• 

V&lues  of  p  for  c»400 

} 

428 

i 

442 

1 

456 

u 

484 

2 

512 

2i 

540 

3 

568 

4 

624 

5 

680 

6 

736 

7 

792 

8 

848 

0 

904 

10 

960 

Diagram  Fig.  363  gives  the  loads  which  may  be  apphed  to  different  sized 
columns,  with  various  areas  of  longitudinal  reinforcement. 

For  long  columns  of  a  length  of  more  than  20  diameters  it  is  necessary  to  check 

the  strength  for  the  resistance  to  flexure    .For  this  purpose  we  may  employ  Euler's 

IE 
formulae,  where  the  pressure  P  =7r2  —  -  ,  or  for  a  reinforced  concrete  column, 


[10] 


Here  /  is  the  moment  of  inertia  of  the  whole  cross-section  of  the  column. 
E^  the  coefficient  of  elasticity  of  the  concrete. 
L  the  total  length. 

h  a  coefficient  depending  on  the  manner  of  fixing  the  ends  of  the  column. 
In  the  case  of  a  column  of  reinforced    concrete   I^  will  have  the  following 
values — 

For  square  colunms  — — , 

„    rectangular  columns 

„    circular  columns  0-0491d*,  where  d  is  the  diameter. 

Table  LXVI  below  gives  the  moments  of  inertia  of  several  different  sections 
about  their  own  axis.  To  this  must  be  added  the  area  of  the  section  multiplied  by 
the  square  of  the  distance  of  its  centre  of  gravity  from  the  axial  plane  of  the  column 
for  the  value  of  If.  For  several  reinforcements  /,  may  have  different  values  for 
each  reinforcement,  in  which  case  these  values  must  be  added  together  for  the 
value  of  the  moment  of  inertia  of  the  total  metal,  If  being  replaced  by  2/^ 

For  reinforcement  of  small  sectional  area  such  as  round  or  square  bars,  Z/^ 
will  be  2a)i/2^  where  y  is  the  distance  of  the  axes  of  the  reinforcements  from  the 
axial  plane  of  the  column. 

^  The  values  for  intermediate  percentages  can  be  found  by  interpolation,  since  the  curve 
of  the  values  of  p  is  a  straight  line. 
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Equation  [10],  if  the  value  of  m  =  16  is  inserted,  wiU  take  the  form 

(kLf  ^    ^ 

and  E^  may  be  taken  as  2067 x  10«. 

The  values  of  P  derived  from  this  equation  are  the  greatest  loads  the  column 
will  bear  without  breaking,  and  therefore  we  must  use  a  factor  of  safety  to  obtain 
the  safe  loads.  This  factor  should  not  be  less  than  6.  The  following  table  gives 
the  values  of  h,  and  the  equation  for  the  safe  load  corresponding  to  the  several 
methods  of  fixing  the  ends  of  the  column,  the  factor  of  safety  allowed  being  6. 


TABLE  LXV 


Methods  of  Fixing  the  Ends  of  the 
Column 


Both  ends  rounded 
Both  ends  fixed 


One  end  fixed  and  the  other  rounded 


One  end  fixed  and  the  other  free 


Values  of  k 


1 
2 

/2 
2 


Equations  for  the  Safe  Loads,  allowing  a 
Factor  of  Safety  of  6 


412  X  10.  (h±\Ml) 

16-46  X 10*  (^£±41^) 

8-22  X 10'  <A+Ji^/? 


Columns  with  Eccentric  Loads. — ^If  the  loading  on  a  column  is  eccentric 
(i.e.  is  not  applied  at  the  centre),  the  effect  is  not  altered  if  we  imagine  two 
additional  forces  equal  to  the  loading  in  intensity  and  acting  at  the  centre  of  the 
column  in  opposite  directions  parallel  to  the  direction  of  the  loading. 

This  is  the  same  as  substituting  for  the  original  loading,  a  load  of  equal 
intensity  acting  at  the  centre  of  the  column,  and  a  couple  acting  with  a  lever 
arm  equal  to  the  distance  of  the  load  from  the  centre  of  the  column.  This  gives 
us  a  direct  thrust  and  a  bending  moment  and  we  proceed  by  the  use  of  the 
formulae,  pp.  428  to  436. 


PIRECT    COMPRESSION— PIECES   IN   WHICH    LONGITUDINALS    ANI> 

HOOPING   ARE    EMPLOYED  ^ 

General  Remarks. — This  form  of  construction  for  pieces  under  direct  com- 
pression has  not  been  employed  to  any  great  extent  up  to  the  present. 

The  introduction  of  this  improved  method  of  construction  is  mainly  due  ta 
M.  Considere,  who  published  the  results  of  his  researches  and  the  conclusions  arrived 
at  in  Ze  Oenie  CivU  in  December,  1902,  and  January,  1903,  an  extensive  extract 
of  which  appeared  in  the  Engineering  Record,  Vol.  46,  Nos.  25  and  26,  and  Vol. 
47,  Nos.  2-4.  The  following  discussion  has  been  obtained  from  these  two  publica- 
tions— 

^  M.  Considdre  has  patented  his  method  of  hooping  for  compression  members.  Th& 
English  patents  are  being  worked  by  The  Consid^e  Construction  Company,  of  ?.,  Victoria 
Street,  Westminster. 
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Moment   of    Inertia 

ANO 

Distance,     to  Neutral  Axis 


y-i^U?it 


X^Mrx^-z^yj-tfy^tz^^ 


i-B  "It 


I-CB't)^r(B-t)t(X-i)'ttA'  tBtCi'X)' 


•*  71 


T  =  tiLLJSl 
>  ^  It 


T  ^££±=JdJ 


J-  a^lziAiisLzl^ 


j-6-4(^*-^^; 


TT'TTF^o 


j.Jf'i^^tCx-i)'i^a^3*^B(0'j;)(f-x)^ 


±^B^t(B-f)f 
J.-^  :^a^A3^f;-.(B^)^t€^(B^)'^ 

m  •  * 
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M.  CJonsid^re's  experiments  on  "  Hooped  Concrete "  have  already  been 
discussed  (page  277).  They  covered  the  various  points  which  had  to  be  known 
to  determine  the  vahies  of  the  coefficient  of  elasticity  and  the  oompiessive 
resistances  of  pieces  reinforced  by  hoops  and  longitudinals. 

Very  little  was  said  in  respect  to  the  elastic  limit,  it  only  being  shown  that 
it  can  be  raised  at  will  to  any  amount  desired,  even  up  to  the  compressive  resistance 
by  testing  the  piece  under  a  sufficient  test-load. 

The  value  of  the  elastic  limit  is  therefore  unimportant  for  structures  made 
of  pieces  which  have  been  subjected  to  test  loads  exceeding  the  working  load  (page 
286).  For  those  structin*es,  however,  which  are  moulded  in  place,  the  elastic  limit 
is  of  importance  and  must  receive  attention. 

The  elastic  limit  under  a  first  load  evidently  depends  on  that  of  the  concrete, 
which  is  reached  before  that  of  the  metal.  The  shortening  of  the  concrete  is  mnch 
increased  under  higher  pressures,  and  hence  the  practical  elastic  limit  is  reached 
when  the  shortening  attains  0*08  to  0*13  per  cent.,  according  to  the  nature  of  the 
concrete. 

Experiments  have  shown  that  the  resistance  of  concrete  in  hooped  piecea 
exceeds  by  about  50  per  cent,  that  of  the  same  concrete  not  reinforced,  but  it  is 
prudent  to  neglect  this  fact.  The  further  fact  will  also  be  neglected  that  the 
longitudinal  rods  imdergo,  before  the  failure  of  hooped  pieces,  considerable  con- 
tractions, which  are  much  greater  than  the  elastic  shortenings  of  the  metal,  and 
which  will  therefore  produce  resistances  much  above  the  elastic  limit. 

Neglecting  these  two  facts,  therefore,  the  following  rules  are  obtained — 

CoefiCicient  of  Elasticity  of  Hooped  Concrete. — 1.  For  the  first  load  the 
coefficient  of  elasticity  of  a  hooped  piece  is  equal  to  the  sum  of  the  coefficients  of 
the  concrete,  of  the  longitudinal  rods,  and  of  the  imaginary  longitudinals  whose 
volume  may  be  assumed  as  90  per  cent,  of  that  of  the  hoops  (page  285). 

2.  For  pressures  less  than  a  previous  load,  the  coefficient  of  elasticity  wiU 
be  equal  to  the  sum  of  the  coefficients  of  the  concrete  as  increased  by  the  first 
load  of  the  existing  longitudinal  rods,  and  of  imaginary  longitudinals  whose 
volume  may  be  assumed  as  dovble  that  of  the  hooping  (page  285). 

Elastic  Limit. — The  elastic  limit  of  a  hooped  piece  for  a  first  load  is  equal 
to  the  natural  elastic  limit  of  the  concrete  increased  by  the  resistance  of  the  rein- 
forcement as  found  for  a  shortening  of  0-08  to  0«13  per  cent.,  and  computed  on  the 
basis  indicated  above  for  the  coefficients  of  elsisticity  under  a  first  load. 

Every  load  has  the  effect  of  making  the  final  elastic  limit  practiaUly  equal  to  the 
pressure  due  to  that  had  (page  285). 

Compressive  Resistance. — The  compressive  resistance  of  a  hooped  piece 
exceeds  the  sum  of  the  following  three  elements — 1.  The  compressive  resistance  of 
the  concrete  without  reinforcement.  2.  The  compressive  resistance  of  the  longi- 
tudinal rods  stressed  to  their  elastic  limit.  3.  The  compressive  resistance  which 
would  have  been  produced  by  the  imaginary  longitudinals  at  the  elastic  limit  of 
the  hooping  metal,  the  volume  of  the  imaginary  longitudinals  being  taken  as  2*4 
times  that  of  the  hooping  (page  278).* 

*  This  C€ui  be  expressed  algebraically  in  the  form— 

P  —  Ac  4-  wxfx  +  2*4w2rf J 

Where  A  is  the  sectional  area  inside  the  spirals,  and  wx ,  wn ,  fx  and  fir  refer  to  the  sectional 
areas  and  elastic  limits  of  the  longitudinal  and  hooping  reinforcements  respectively.  This 
value  of  P  must  be  reduced  by  a  factor  of  safety  (vide  p.  345), 
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Resistance  to  Flexure. — ^It  is  not  sufficient  for  a  piece  under  direct  com- 
pression to  have  adequate  crushing  strength,  it  must  also  resist  the  lateral  flexure. 

Euler's  formula  gives  the  resistance  p  of  a  member  whose  coefficient  of  elas- 
itcity  is  E^  the  length  between  hinges  L,  and  the  least  radius  of   g3a*ation  r  or 


V 


sectional  area 

P=^'-Fr  [1] 


M.  Considdre  states  that  this  formula  is  exact  only  for  very  long  pieces  of  little 
resistance,  and  does  not  agree  with  the  results  obtained  on  columns  of  diameters 
usually  met  with  in  practice.  In  his  report  to  the  Congress  on  Methods  of  Con- 
struction of  1889,  and  to  the  French  Commission  on  Methods  of  Testing,  1902, 
M.  Consid^re  showed  that  Euler's  formula  is  exact  for  iron  columns  of  any 
dimensions,  if  for  the  coefficient  of  elasticity  that  value  is  introduced  which  it  has 
when  the  column  is  under  flexure,  and  not  that  corresponding  to  a  light  load. 

Such  an  interpretation  does  not  allow  of  the  direct  solution  for  p,  since  the 
formula  contains  a  value  for  E  which  is  itself  dependent  on  p ;  but  the  formula 
may  be  written  in  the  form 

and  in  this  form  can  be  used  to  determine  the  value  which  shall  be  given  to 

the  ratio  —  in  order  that  the  column  resistance  shall  have  the  value  p.    It  is  there- 
r 

fore  only  necessary  to   introduce  varying  values  of  p  with  their   corresponding 

coefficients  of  elasticity,  from  which  a  table  of  the  values  of  —  can  be  made. 

r 

In  applying  Euler's  formula  to  concrete  it  is  also  necessary  to  remember  that 
the  formula  is  based  on  the  assumption  that  a  loaded  column  has  an  indefinitely 
small  curvature,  and  is  in  equilibrium  under  the  action  of  the  pressures  which  pass 
through  the  centres  of  gravity  of  its  ends.  There  must  therefore  be  equilibrium 
between  the  moment  of  resistance  due  to  the  bending  and  the  bending  moment 
caused  by  the  load,  which  is  equal  to  the  product  of  the  load  by  the  initial 
deflexion. 

The  moment  of  resistance  consists  of  two  parts — 

1.  The  increases  in  pressure  caused  in  the  fibres  on  the  concave  side  of  the 
piece,  by  the  increased  shortening  due  to  flexure. 

2.  The  decretises  in  pressure  of  the  fibres  on  the  convex  side  whose  shorten- 
ings are  reduced  by  the  bending.  The  coefficient  of  elasticity  for  (1)  is  the  coeffi- 
cient of  the  material  imder  a  first  load,  if  the  column  has  not  been  loaded  before, 
and  for  (2)  the  coefficient  for  an  unloading  or  decreasing  load.  We  have  therefore 
two  coefficients  in  place  of  the  one  in  Euler's  formula. 

These  two  coefficients  are  almost  equal  under  light  loads,  and  under  increase 
of  the  load  they  diverge  until  the  difference  becomes  very  great  when  the  elastic 
limit  is  exceeded. 

Denoting  the  ratio  of  the  smaller  to  the  greater  coefficient  by  w,  and  the  dis- 
tance from  the  neutral  axis  to  the  extreme  fibre  having  the  less  coefficient  of 
elasticity  by  x,  and  the  total  depth  of  the  section  being  taken  as  unity.     If  the  two 
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components  of  the  couple  are  equal  we  have  nx^  =  (1  — a;)*  or  x  =  z—. — 7=.    [3] 

The  distance  between  the  two  forces  of  the  couple  being  always  f ,  the  total 
width  being  unity,  independent  of  the  value  of  x,  their  moment  is  proportional  to 

either  of  them,  for  example  to  nx^  =  — ^— -,  [4] 


(■+.i) 


It  results  from  equation  [3]  that — 


When  n     = 

1 

060 

025 

009 

X 

06 

0-686 

0667 

0.77 

and  therefore  x^ 

025 

0-344 

0446 

0-593 

and  from  equation  [4]  nx* 

025 

0172 

0111 

0053 

or  moments  are  proportional  to 

1 

0-688 

0-444 

021 

since,  when  the  coefficients  of  elasticity  are  equal,  that  value  for  E  must  be  used 
in  Euler's  formulae. 

When  n  is  near  to  unity  the  average  value  of  the  coefficients  of  elasticity  can 
be  introduced  into  Euler's  formula  without  using  equation  [4],  We  can  also 
obtain  instructive  figures  without  making  the  table  mentioned  above. 

M.  Considere  found  by  plotting  the  results  of  the  experiments  on  prisms  7,  8 
and  9,  Table  L  (page  284),  that  for  the  pressure  of  3,270  pounds  per  square 
inch  the  coefficients  of  elasticity  varied  between  2-845  x  10«  and  3-57  x  10«  under 
the  first  loading,  and  between  5-69  x  10*  and  711  x  10*  during  the  unloading. 

If  the  lowest  values  of  these  coefi&cients  be  taken,  i.e.  2-845  x  10*  and  6-69  x  10*, 
and  n  =  0-50,  then  the  value  of  E  for  insertion  in  equation  [2]  will  be  5-69  x  10*  x 

0-688  =  3-91 X  10«.     The  value  of  -^  thus  obtained  from  [2]  is  0-0091.     For  cylin- 

L 

drical  pieces  this  value  corresponds  to  2/  =  27  diameters. 

In  other  words,  in  order  that  a  hooped  concrete  column  should  have  under  a 
first  load  a  column  resistance  of  3,270  pounds  per  square  inch,  the  length  of  the 
column  from  centre  to    centre  of  "  hinges  "  must  not  exceed  27  diameters. 

Higher  values  than  3,270  pounds  per  square  inch  can  be  obtained  under  the 
first  load  only  by  appreciably  reducing  the  length  of  the  column,  since  above  this 
value  the  coeflScient  of  elasticity  rapidly  decreases.  It  should  however  be  remem- 
bered that  the  resistance  also  increases  rapidly  with  a  decrease  in  length,  being 

proportional  to  (-f) 

Much  higher  resistances  can  be  found  for  members  which  have  been 
preliminarily  subjected  to  a  sufficient  test  locul. 

Thus  for  a  load  of  6,400  pounds  per  square  inch  an  average  coefficient  of 
elasticity  exceeding  4*83  x  10*  can  be  expected,  and  the  Euler  formida  shows  that 
to  obtain  the  above  high  value  the  greatest  length  of  a  circular  column  must 
not  exceed  22  diameteis. 

Roimd-ended  columns  are  rarely  met  with  in  practice,  and  the  lengths  could 
therefore  somewhat  exceed  the  Umits  named.  The  efiFective  lengths  with  various 
end  connexions  are  given  by  Mr.  Claxton  Fidler  as  L  if  the  colunm  has  rounded 
or  hinged  ends,  y^  L  if  the  column  has  fixed  ends,  and  y^r  -2^  if  the  column  has  one  end 
fixed  and  the  other  rounded,  L  being  in  each  case  the  total  length  of  the  column. 
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The  values  above  of  3,270  pounds  per  square  inch  for  a  first  load  and  6,400 
pounds  per  square  inch  after  a  preliminary  test  load,  are  the  limits  of  resistance, 
and  consequently  a  margin  of  safety  must  be  left  for  working  loads. 

Factor  of  Safety  for  Hooped  Pieces. — ^M.  Considere  is  of  the  opinion  that 
logically  taking  all  the  properties  of  hooped  concrete  into  consideration,  a  factor 
of  safety  of  2  to  2-5  would  not  be  unreasonable.  But  hooped  concrete  being  a 
novel  method  of  construction,  he  proposes  for  the  present  a  factor  of  safety  of 
3  to  3-5. 

M.  Considere  points  out  that  in  reinforced  concrete  structures  subjected  to 
bending  the  factor  of  safety  often  only  amounts  to  2,  and  still  the  structure  shows 
no  signs  of  yielding ;  the  iron  being  stressed  in  tension  to  between  11,000  and 
14,000  pounds  -pet  square  inch,  and  sometimes  still  more,  whereas  the  elastic  limit 
is  only  23,000  to  26,000  poimds  per  square  inch.  He  therefore  considers  that  taking 
into  account  the  much  greater  reUability  of  hooped  concrete,  this  provision  of  a 
factor  of  safety  of  3  to  3*5  is  very  much  on  the  side  of  safety. 

The  concrete  in  pieces  moulded  in  place  with  these  factors  of  safety  is  only 
stressed  to  from  935  to  1,090  pounds  per  square  inch,  and  in  pieces  which  have 
been  subjected  to  a  test  load  the  stresses  in  the  concrete  will  be  from  1,850  to  2,135 
pounds  per  square  inch. 

The  proportions  used  for  the  concrete  in  the  tests  from  which  the  above  values 
were  taken  was  1,000  pounds  of  cement  to  0-9  cubic  yards  of  shingle  of  sizes  between 
^  of  an  inch  and  1  inch,  and  0-3  cubic  yards  of  sand  screened  through  a  ^-inch 
mesh. 

M.  Considere  recommends  these  proportions  for  hooped  concrete  pieces  in 
consequence  of  the  great  increase  in  resistance  of  concrete  mixed  in  these  propor- 
tions over  that  with  500  poimds  of  cement,  which  is  shown  by  the  results  of  the 
experiments  on  prisms  7,  8  and  9,  Table  L,  of  which  the  concrete  was  of  the 
former  proportions ;  and  of  prism  10  in  the  same  table,  of  which  the  concrete 
was  of  the  proportions  of  500  pounds  of  cement  to  0*9  of  shingle  and  0*3  sand. 
Proposed  Formulae  for  Hooped  Concrete  Pieces  under  Direct  Compres- 
sion.— ^The  results  derived  by  M.  Considdre  from  his  experiments  on  hooped  com- 
pression pieces  do  not  give  any  method  for  the  calculation  of  the  diameter  of  the 
hooping  wires,  neither  do  they  take  into  accoimt  the  area  of  the  longitudinal  rein- 
forcement which  is  necessary  for  the  distribution  of  the  stresses,  due  to  the  swell- 
ing of  the  concrete,  on  to  the  spiral  windings.  M.  Considere  only  states  that  the 
compressive  resistance  of  a  hooped  piece  is  made  up  of  the  resistance  of  the  con- 
crete together  with  that  of  the  longitudinals  stressed  to  their  elastic  limit  and 
resistance  of  an  imaginary  amount  of  metal  as  longitudinals  of  2*4  times  the  area  of 
the  hooping  wire. 

From  this  statement  it  might  be  thought  that  if  the  diameter  of  the  hoop- 
ing wire  was  increased  to  any  amount,  we  might  obtain  a  resistance  from  it  of  the 
same  amount  as  would  be  derived  from  longitudinals  of  2-4  times  its  area.  It 
is  evident,  however,  that  such  would  not  be  the  case,  and  it  would  be  surely  better 
to  consider  the  hoopings  only  so  far  as  they  resist  the  swelling  of  the  concrete,  giving 
it  the  power  of  following  up  the  deformations  of  the  longitudinal  reinforcements 
without  failing.^ 

We  may  obtain  data  which  will  give  us  the  necessary  sectional  area  of  the 

>  M.  Con8id^re*8  lator  experiments  on  hooped  members  (vide  appendix)  show  that  the 
Tesistance  given  by  his  formula  is  true  within  very  wide  Umits. 
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hoopings  and  longitudinals  from  such  experiments  as  those  of  Mr.  Dunn,  where 
the  piece  was  tested  until  the  hooping  wire  failed. 

We  have  from  Mr.  Dunn's  experiment  on  a  hooped  concrete  column  (p.  289), 
that  the  failiure  occurred  under  a  load  of  2,815  pounds  per  square  inch  on  a  oolunm 
wound  with  a  spiral  hooping  of  0427  inch  diameter  wire,  the  diameter  of  the  hooped 
core  being  9*5  inches  and  the  pitch  1|  inches. 

From  this  result  we  may  arrive  at  approximate  data  from  which  to  calculate 
the  dimensions  for  the  wire  in  hooped  pieces. 

The  steel  wire  used  for  the  spiral  winding  of  Mr.  Dunn's  column  was  tested  by 
Kirkaldy,  and  its  ultimate  strength,  from  an  average  of  six  tests,  was  found  to  be 
1,026  poimds. 

In  Mr.  Dunn's  experiment  one  of  the  spirals  was  broken  before  the  column 
failed. 

The  strain  of  the  vertical  rods  for  this  column  was =0-0013. 

120 

Taking  their  coefficient  of  elasticity  as  31  x  10*,  and  since  there  were  eight  wires 
of  I  inch  diameter,  their  area  was  8  x  0-049  =  0-392. 

Therefore  their  resistance  =  31  x  10*  x  0-392  x 00013  =  15,800  pounds. 

This  is  a  stress  of  40,306  pounds  per  square  inch. 

The  total  load  sustained  by  the  column  was  178,000  pounds. 

Therefore  the  load  borne  by  the  concrete  within  the  spirals  at  failure  was 
178,000  —  16,800=  162,200  pounds. 

The  area  of  the  concrete  inside  spirals  was  70  square  inches. 

Therefore  the  stress  on  the  concrete  inside  the  spirals  was  '- —  =  2,317 

^  70 

pounds  per  square  inch. 

The  spirals  were  spaced  1}  inches  apart  and  consequently  the  hoop  tension 

on  an  imaginary  circumferential  hoop  1  inch  wide  would  be  — =  821  pounds. 

This  was  caused  by  the  internal  pressure  exerted  by  the  concrete  when  swelling. 
We  have  therefore  from  the  usual  formula  T  =  —  where  T  is  the  hoop  tension 

on  a  strip  1  inch  wide,  q  the  internal  pressure  per  square  inch,  and  d  the  diameter 
in  inches. 

2  X  821 
The  diameter  of  Mr.  Dunn's  column  was  9i  inches,  therefore  g  = =  173 

pounds  per  square  inch. 

We  have  the  general  formula  for  stability  under  two  sets  of  forces  acting  on 
planes  at  right  angles  to  each  other — 

p      1  +  Sin  (py 
g  ~"  1  —  Sin  (f) 

where  p  is  the  direct  downward  pressure,  q  the  pressure  exerted  normally  to  the 
sides,  and  fp  the  angle  of  stability. 

In  the  present  case  p  =  2,317  and  g  =  173,  from  which  we  get  writing  n  for 
1  +  Sin  (j) 

1  —  Sin  ^. 

n=13.4. 
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In  a  similar  maimer  we  find  that  for  Mr.  Dunn's  second  test,  where  the  size  of 
hooping  wire  was  0-21  inches  and  8  longitudinal  rods  were  used  of  i  inch  diameter, 
and  the  column  failed  under  a  load  of  330,100  pounds,  by  the  spiral  wire  breaking 
in  four  places,  when  the  column  was  shortened  0-172  inches. 

The  resistance  of  the  vertical  rods  =  31  x  10«  x  1-668  x0.00142  =  84,643,  or  a 
stress  of  63,980  pounds  per  square  inch. 

The  total  load  borne  by  the  concrete  within  the  spiral  windings  will  be  330, 100  — 

84,643  =  246,467  pounds,  and  since  the  area  of  the  core  is  70  square  inches  the 

stress  on  the  concrete  will  be 

246,467  ,  .     , 

— — —  =  3,606  pounds  per  square  mch. 

The  ultimate  strength  of  0-21  inch  wire  will  be  about   1,420  pounds  if  the 

quality  is  the  same  as  that  of  the  ^  inch  wire. 

The  hoop  tension  on  a  strip  1  inch  wide  will  therefore  be — 

1>420     ,  ,„^        ,         1,136x2 

=1,136,  andg=  i =  240. 

1-26  ^96  ' 

and  p=  3,506,  therefore — 

3,606 

n= =14-6. 

240  • 

We  may  safely  assume  a  value  for  n  in  our  calculation  of — 

n=13-6. 
Now  for  a  hoojied  piece  we  may  assume  as  a  safe  value  of  p-^ 

p=  1,600. 

Therefore  ^  ==  g  =  -^ =  111-1= the  internal  lateral  pressure  per  square  inch. 

n  13-6 

Now  ^  =  T  the  hoop  tension,  where  d  is  the  diameter  of  the  hooped  core  in  inches. 

We  get  therefore d=  66d  =:  the  hoop  tension  per  inch  width,  but  we  may 

space  the  hooping  wire    -inches  apart. 

o 

Therefore  66{i  x  —  =  7d*  =  hoop  tension  in  the  hooping  wire. 
If  we  consider  the  safe  stress  on  the  steel  hoopings  as  26,000  pounds  per  square 

7/78 

inch,  since  it  wiU  be  drawn  wire,  the  sectional  area  of  the  wire  will  be or 

26,000 

the  diameter  of  the  wire — 


=v/      ■"' 


26,000  X  0-7864 


=:0-0188df  [1] 


The  diameter  of  the  distribution  rods  may  be  calculated  as  follows.     We  have 
found  that  9=: the  internal  lateral  pressure  per  square  inch  =  111.    We  have  also 

a  spacing  for  the  spirals  of  —  and  this  will  be  the  span  for  the  longitudinals, 

o 

which  may  be  considered  as  having  fixed  ends.     If  we  have  tighi  longitudinals^ 

Trd 


the  distance  between  them  will  be 


8 
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We  have  therefore  for  the  maximuin  bending  moment^- 


111  X  —  X 

M= 8 

12 


(s) 


[2] 


We  have  also  the  well-known  formula — 


[3] 


M  =  l^ 

y 

I  lot  circular  rods  =  0-0491^^*,  and  y^=\\\  S^  being  the  diameter  of  the  longitudi- 
nal rods. 

The  ratio  of  the  stress  per  square  inch  in  the  longitudinal  rods  to  that  in  the 

40,306 


17*4,  and  for  his  second  column 


concrete  is  for  Mr.  Dunn's  first  column  — 

2,317 

i'''"^  =  16.4 
3,606 

We  may  therefore  take  the  stress  in  the  longitudinal  rods  as  1,500  x  15:^22,500 
pounds  per  square  inch.  This  they  can  safely  resist,  since  they  will  be  of  smaD 
diameter  and  of  high  steel. 

Equating  equations  [2]  and  [3]  we  get — 

22,600  X  00491(5/ X  2_  111  x  3.1416d» 


12  X  8  X  64 


or 


2,209.5^,3  =  0.1136i» 
S.   =00372d 


W 


With  spirals  and  longitudinals  proportioned  according  to  equations  [1]  and 
[4]  we  may  load  a  column  up  to  1,600  pounds  per  square  inch  of  sectional  area 
inside  the  spiral  windings. 

We  may  also  add  to  the  area  of  the  longitudinals  and  consider  such  addiiiafd 
area  as  giving  a  resistance  of  22,600  pounds  per  square  inch. 

We  therefore  obtain  the  formula — 


or 


P  =  1,600  -—  +  22,600  a> 


P  =  1178d2  + 22,600  » 


[5] 


in  which  «  is  the  total  additional  area  of  the  longitudinal  reinforcements  in  excess 
of  that  given  by  equation  [4]. 

Formula  [6]  gives  a  safe  resistance  for  Mr.  Dunn's  second  column  of  123,732 
pounds,  the  ultimate  resistance  was  330,000  poimds,  which  gives  a  factor  of  salrty 
of  2-67.  M.  Considdre  considers  that  a  factor  of  safety  from  2  to  2-5  would  be 
sufficient  for  hooped  pieces. 
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LONGITUDINAL  DIRECT  STRESSES  IN  PIECES  SUBJECTED 

TO  BENDING  1 


Rectangular  Pieces  with  a  single  system  of  Reinforcement  of  Small 
Sectional  Area  and  Depth  compared  with  that  of  the  whole  piece  near  the 
Tensile  Surface  (Fig.  364). 


^->--»l 


'^'^ri 


The  reinforcement  being  of  this  character,  we  may  consider  the  stresses  in 
the  metal  as  of  uniform  intensity  over  the 
whole  area,  and  that  they  act  at  the  centre 
of  gravity  of  the  section.  'mc- 

The  compressive  resistance  is  in  this  case     J 
that  due  to  the  concrete  above  the  neutral     i 
axis,  and   the  tensile  resistance  is  supposed  ^ 
to  be  supplied  by  the  lower  reinforcement  only.     • 
The  compressive  resistance  is  therefore  repre-  >  I  ^    ^ 
sented  by  the  triangle  A  0  A"  x  by  since  A  A"        ^ 
represents  the  maximum   compressive  resist- 
ance of  the  concrete,  the   above  expression 
becomes  ^  cvb. 

The  tensile  resistance  is  represented  by  wf. 

Since  the  compressive  and  tensile  resistances  must  be  equal,  we  have 

^  cvb  =  0)f  [1] 

Prom  the  hj^othesis  of  the  conservation  of  plane  sections— 


AA'      CC 


OA       OC 


But  AA':CC\: 


t 


E.    E 


Therefore  — --  = 


/ 


/ 


uE^       (h-u)Ef 


E, 


and  substituting  m  for  the  ratio  — ^,  we  get 

Ec 


f 


cm 


(A— w) 


u 


[2] 


Substituting  the  value  of  /  from  [2]  in  [1]  we  get 

iu^b  —  mo)  (h  —  u)  =  0, 
from  which 


mxr     /  bh  "1 


[3] 


Since  the  stress-strain  curve  of  the  concrete  in  compression  is  a  straight  line, 

the  centre  of  action  of  the  stresses  is  at  a  plane  ^  of  the  height  of  OA  from  A,  and  the 

u 
lever  arm  of  the  couple  of  resisting  forces  will  be  h . 

«5 

And  since  the  bending  moment  must  equal  the  moment  of  resistance,  we  get 

^  The  straight  line  stress- strain  curve  for  the  calculations  of  pieces  subjected  to  bending 
is  that  adopt'Od  in  the  Prussian  Qovemnient  Regulations  and  in  the  recommendations  of  the 
German  Architecte  and  Engineers. 
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M 


=  f^-(A_|) 


or 


Similarly — 


M      cu    ,«,        . 
_  =  _  (3h-u) 


M  =  ^—  (3A— «) 
3 


w 


15] 


If  a  structure,  already  designed,  requires  cheoldng,  u  may  be  found  from  [3]; 
<5  follows  from  [4] ;  and  /  from  [2]  or  [6]. 

For  designing  a  piece  we  may  proceed  ba  foUows,  giving  c  and  /  their  maximTim 
allowed  values  and  m  its  value  of  15 ;  we  obtain  the  value  of  u  in  respect  to  A  from 
equation  [2],  which  may  be  written — 

15c    , 


tt  = 


/+16C 

Further  from  [1],  if  we  make  «  =:\|^6A, 

c  u 
2fh 


[6] 


^ 


[7] 


«nd  by  inserting  the  value  of  it  in  terms  of  h  from  [6],  and  the  maximum  allowed 
values  for  c  and  /,  we  obtain  \f^  from  equation  [7]. 

For  this  value  of  ■vp',  h  may  be  found  from  either  [4]  or  [5]  by  substituting  the 
-several  values. 

With  other  values  of  >//-  above  or  below  that  found  by  [7],  we  must  calculate 
the  ratio  of  tt  to  A  from  [3],  which  becomes  by  substituting  ^&A  for  w  and  15  for  m— 


^'<x/KS)-'] 


[8] 


When  \|r  is  greater  than  the  value  found  by  [7],  we  must  use  equation  [4],  and 
"vrhen  it  is  leas  we  must  use  equation  [5]  to  find  h. 
Equation  [5]  becomes  by  replacing  a>  by  '^bh 


[9] 


For  slabs  h  is  usually  taken  as  12  inches,  and  for  beams  it  is  sometimes  fixed 
by  the  existing  conditions  (as  for  instance  by  the  thickness  of  a  wall  to  be  sup- 
ported) ;   if  not  already  fixed,  a  good  value  of  6  is  f  A. 

Inserting  the  values  adopted  ot  f=:  15,000  and  c  =  500,  we  get  from  equation  [6] 

u  =  ^  [10] 

-and  inserting  this  value  of  u  and  the  values  /  =  15,000,  and  c  =  500  in  [7],  we  get 

\/^=  0-00555  '      [11] 

h 
and  from  [4],  inserting  c  =  500  and  u  =- 


M 


=  74.07A* 


[12] 


Diagram  Fig.  365  gives  the  values  of  ^  ^^^  varying  percentages  of  steel  rein- 

h 
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curve  18 


forcement  or—  x  100  =  \/r  x  100,  and  Diagram  Fig.  366  gives  the  values  of  it  for 

bh  b 

various  eflfective  depths  h  and  varying  percentages  of  reinforcement.^ 

Table  LXVII  gives  the  values  of  -  where  jul=:    -.   Prom  these  values  m  curves 

c  bh^ 

similar  to  those  shown  in  Fig.  369  for  double  reinforcements,  can  be  plotted  for  any 

values  of  /  and  c.  The  economic  percentage  of  reinforcement  is  found  from  equations 

[6]  and[7],  the  value  of  fifor  this  percentage  from  equation  [9],  by  replacing  u  by  its 

value  in  respect  to  h  and  writing  the  equation  m  =  —  =  -^  {^  —  -  ) .     The 

bhP'        3   \        h/ 

practically  a  straight  line  from  the  origin  to  the  value  thus  found,  and  the  values 

for  higher  percentages  of  reinforcement  are  found  by  multiplying  the  figure  in 

Table  LXVII  by  any  assumed  value  of  c. 

M 
For  slabs  -—  is  readily  found  since  6=  12. 

6 

In  the  case  of  beams  we  can  either  assume  a  value  for  6,  or  by  making  6  =  §  A 
we  can  find  the  reinforcement  required  for  any  assumed  value  of  A,  or  further  we 
can  assume  a  percentage  of  reinforcement  and  an  effective  depth  and  find  the 
breadth  for  a  given  value  of  M. 

At  the  economical  percentage,  i.e.  when  c  and  /  have  both  their  maximum 
allowed  values  of  600  and  16,000  respectively,  we  have  from  [12],  when  6  =  |A-— 

h=    /J^I" 
or  practically —  


M 

Having  found  the  percentage  of  reinforcement  required  «  follows  from  the 
equation  a>  z=  yf/bh,  the  area  so  found  being  distributed  into  the  requisite  number 
of  bars.  The  distance  between  the  bars  should  never  be  less  than  their  diameter 
or  longest  side. 

In  the  case  of  a  slab  supported  or  partially  fixed  on  all  four  sides,  it  is  neces- 
sary to  place  reinforcing  bars  longitudinally  as  well  as  transversely,  and  this  is 
particularly  necessary  when  the  loading  is  concentrated. 

TABLE  LXVII 


* 

1 
1 

c 

1 

^ 

ft, 
c 

0005 

01433 

0017 

0-2091 

0007 

01622 

0019 

0-2152 

0-008 

01680 

002 

0-2185 

001 

01799 

0022 

0-2228 

0012 

01900 

0-025 

0-2296 

0013 

01948 

0-03 

0-2400 

0015 

0-2023 

1 

Having  found  the  transverse  reinforcement  as  described  above,  the  area  of 
longitiidinal  reinforcement  vnU  6e  c&  x  — »  since  the  bending  moment  for  the  shorter 

^  For  small  depths  the  diagram  givdn  Fig.  397,  p.  406,  will  be  more  convenient  to  use. 
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span  is    —  X  the  bending  moment  for  the  longer  span  {vide  p.  334).  It  is  advisable 

to  slightly  increase  the  area  thus  found,  since  the  longitudinal  bars  are  placed 
above  those  in  a  transverse  direction  and  are  consequently  nearer  the  compression 
surface. 

It  remains  to  ascertain  whether  the  concrete  in  tension  will  be  cracked  suffi- 
ciently to  allow  the  rusting  of  the  reinforcement.  We  may  safely  assume  that  the 
concrete  in  tension  can  elongate,  when  reinforced,  at  least  -Y^^ru  ^^  ^^  length 
before  any  crack  can  be  sufficiently  enlarged  to  endanger  the  reinforcement  (the 
elongation  allowed  by  M.  Considere  is  ixi^jj,  and  in  his  experiments  he  measured 
T0^o"o).  The  elongation  of  the  reinforcement  under  these  conditions  will  be,  if  (3  is 
the  distance'  from  the  axis  of  the  reinforcement  to  the  surface  under  greatest  tensile 
strain — 

(A— tt)  1 


6  == 


(h—u+fi)  X  1000 


[14] 


fi  never  need  be  greater  than  0-2A,  and  further  (except  when  a  very  large  percent- 
age of  reinforcement  is  used)  the  neutral  axis  always  remains  above  0*60  of  the 
effective  depth  (h)  from  the  compressive  surface. 

Therefore  under  the  worst  conditions   e  =:  — -  -j =000067,  and eonse- 

0.6A      1000 

quently  in  order  that  the  concrete  shall  not  be  dangerously  cracked  in  tension,  the 

stress  in  the  reinforcement  must  not  exceed  /„^  =  67  x  10"  *  x  31-3  x  10«  =  21,970 

pounds  per  square  inch. 

This  stress  intensity  is  considerably  higher  than  that  usually  allowed,  and 

shows  that  it  is  unnecessary  to  inquire  into  the  tensile  strain  in  the  concrete  except 

in  very  special  cases. 

Rectangular  Pieces  with  a  Double  System  of  Reinforcement  of  Small 
Sectional  Area  and  Depth  compared  with  that  of  the  whole  Piece,  there 
being  a  reinforcement  near  both  the   compressive  and  tensile  surfaces 

(Fig.  367)— 

As  in  the  last  case,  we  may  consider  the  stresses  in  the  metal  as  of  uniform 

intensity  over  the  whole  area,  and  that  they 
act  at  the  centre  of  gravity  of  the  section. 

In  this  instance  the  compressive  resistance 
is  that  of  the  concrete  above  the  neutral  axis 
added  to  that  of  the  compressive  reinforce- 
ment, the  tensile  resistance  being  supplied  by 
the  tensile  reinforcement  alone. 

The   compressive   resistance  is    therefore 
represented  by  the  area  of  the  triangle  AOA" 
X  6  +  «^  X  /„.    Since  AA^^  represents  the 
maximum  compressive  resistance  of  the  con- 
crete, and  the  area  AOA"  equals    (  of  the  surrounding  rectangle,  the  above 
expression  becomes  \  cub  +  %fg. 

The  tensile  resistance  is  represented  by  co^  f^.    The  compressive  and  tensile 
resistances  must  be  equal ;  we  have  then 

i  cvb+wj,=w^f^  [1] 
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CALCULATIONS 

From  the  h37potheses  of  the  conservation  of  plane  sections,  we  have— 

14  =  ^^-  =  ^-    But  AA' :  CC  :  DD' : :  ^  :  I*  :  4,  [2] 

OA       OC        OD  E,   Ef   Ef  *■  ^ 

or,  4,-  =/•-/« 


uE^      (h  —  u)Ef      {u  —  a)Ef 


E 
If  we  take  m  as  the  ratio  -/,  we  get — 


u 


2  (u — a)  -^, 

u 

Also  the  bending  moment  is  equal  to  the  moment  of  resistance  of  the  concrete 
and  compressive  reinforcement  in  compression,  and  the  tensile  reinforcement  in 
tension.  And  as  the  stress-strain  curve  of  the  concrete  in  compression  is  a  straight 
line  we  have — 

1  2 

M  =  ^cvbx~u  +  {u  —a)(M)Jf^  +  (A  —  ^Wi 

or  if  =  -  cu^b  +  (t*  —  a)a)J^  +  (A  —  ^)tt>t/i  t^] 

Substituting  the  values  of  ft  and  /^  from  equations  [3]  and  [4],  in  equations  [1] 
and  f  6]  we  have — 

~u^b  +  m{wj[u  —  a)  —  co,(A  —u)}=0  [7] 


or  u  =  ^(«.  +  .,)  r  W"  1  +  ^^Spp^)  - 1]  [8] 


and — 


^K  +  ««)' 


M  =  ^[^u^b  +  m{w^{u  —  a)«  +  (^,(h  —  u)^)l  [9] 

If  we  wish  to  check  a  atructure  already  designed,  (u)  is  found  from  equation 
[8],  and  this  value  inserted  in  [9],  together  with  the  value  of  M  and  other  known 
values,  will  give  the  maximum  stress  (c)  on  the  concrete. 

The  stresses  /^  and  /^  can  then  be  found  from  equations  [3]  and  [4]. 

For  these  calculations  we  may  take  the  value  of  m  as  15. 

For  the  purposes  of  design  we  require  a  value  for  (a)  as  a  ratio  of  (h)  or  (u). 

Since  (a)  should  become  greater  as  (w)  increases,  it  is  not  advisable  that  it 

should  only  vary  directly  with  (A).     But  the  value  of  -  increases  as  >/^  =  --  increases ; 

h  bh 

consequently  (a)  should  vary  directly  with  (u), 

A  good  proportion  for  giving  a  sufficient  covering  of  concrete  over  the  rein- 

u 
f orcement  will  be  when  a  =  — . 

o 

This  ratio  is  also  convenient,  since  it  places  the  compressive  reinforcement  at 
the  centre  of  action  of  the  resistance  of  the  concrete  in  compression. 
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If  we  give  (o)  the  value  of  - 


lu  —  a)  =  u 
^  3 


and  equation  [7]  becomes  inserting  15  for  m. 


Now  replacing  w,  by  -^bh  and  w,  by  7«,  or  -yxl^ftA,  we  get — 


h        -r  I    '  T^    /  L  V    ^  ^  5^(2y  +  3)»        J 


[10] 


Now  by  giving  y  various  values  or  making  cd^  various  ratios  of  a>^,  we  can  find 

At 

the  values  of  —  for  various  percentages  of  reinforcement. 

h 

Diagram  Fig.  368  gives  the  values  of  ~  for  various  percentages  of  reinforcement, 

h 

and  for  the  several  values  of  7. 

Having  found  -—,  we  have  since  the  arm  of  the  couple  of  resisting  forces  is 

h 


('-I)- 


if  =  ,,/,(»-|)  =  ^''-(3J-„) 


and  replacing  M  hy  fjibh^  and  w^  by  yjr  bh  we  get — 


also — 

cvb 


M 


=(?+-'.)  (*-i) 


Replacing  M  by  /ufcA^,  ft',,  hy  yy\r  bh,  and  /^  by  its  value  from  equation  [4],  which 

2  2 

becomee  15c  x  -  =  10c,  since  (u  — a)  =:-w,  we  get — 

at 

To  find  the  value  of  -  when  c  and  /  have  both  these  maximum  allowed  values. 

A 


From  equation  [3]  we  get,  by  replacing  w  by  16,  and  transposing — 

u  15c 


[13] 


h      ft+  15c* 

This  is  the  same  as  equation  [6]  for  single  reinforcements,  and  it  will  be  seen  that 
it  is  only  dependent  on  the  values  of  c  and  f^,  and  consequently  is  the  same  for  all 
ratios  of  ct>^  to  <o^. 

This  fact  is  very  important,  since  it  follows  that  for  any  assumed  values  of 
€  and  /i ,  if  we  are  restricted  as  to  the  depth  of  a  piece,  we  can  find  the  amoimt  of 
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reinforcement  in  tension  only  which  can  be  used  with  these  values  or  &>^^  (i.e.  the 
economical  percentage  for  a  single  reinforcement),  and  also  the  portion  of  the 
bending  moment  which  will  be  resisted  by  the  beam  with  this  single  reinforcement. 
We  can  then  use  an  additional  double  reinforcement  to  resist  the  excess  of  the 
bending  moment  by  making 

ft  ^fs  (^ — a)  =  excess  of  the  bending  moment.  [14] 

Thus  finding  w^^y  which  must  he  added  to  that  already  found  for  the  single  rm- 
forcement,  or  ©i^  +  a),^  =  co^,  and  further  proportioning  «^  to  (o^^  so  that 

h  — u 


u>. 


ft). 


u  — a 


i»' 


[15] 


Now  ft),  =  y(u>t,  +ft),2). 
Therefore  from  equation  [16] 


7(««i  +  ^'ti)  = 


h  — u 


OHi 


u 


IS 


or  7 


h  — u 


u  — a 


ft), 


ia 


If  we  replace  ftj^  by  \/^i6A,  and  oy^^  by  y^2bh,  we  get— 

h  — u 


or  7  = 


u  — a 


^. 


^i+^l'a 


15c* 


but  from  equations  [6]  and  [7]  for  single  reinforcements  -^^  =  — , 

"fAfi  +  16c) 


and 


u 


further  replacing  a  by  -  we  get 

«5 


3  h—u 


u 


^» 


y  = 


15c*  , 

2/,  (/,  +  15c)  "^  ^* 


OTy\r^= 


15c» 

3  h  — u 
2       u 


—  r 


The  value  of  \|^  or  the  ratio  of  the  total  area  of  the  lower  reinforcement  to  the 


ft)< 


effective  area  of  the  piece  or  --^  =  \/^i  +  \lr,, 

ho 


16c«         /l  ^ 1 \ 

Therefore  y\f  =  ^...    .   ,,  ,(  3  (A— u)  J. 


[16] 


Replacing  u  in  equation  [16]  by  its  value  from  [13],  c  and  /  by  the  maximum 
allowed  values,  and  y  by  any  assumed  value,  we  can  find  >//■. 

For  the  percentages  given  by  equation  [16]  either  equation  [11]  or  [12]  may 
be  used  to  find  /<»  but  for  lesser  percentages  we  must  use  [11],  and  for  greater  per- 


u 


centages  [12],  --  being  foimd  from  equation  [10].     The  diagram  Fig.  368  gives  the 

lb 
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values  of  -  for  any  value  of  c  and/,  since  equation  [10]  is  only  dependent  on  the 

percentage  of  reinforcement.     With  the  values  of  c=  600  and  /  =  16,000  equation 
[13]  becomes — 

u  =  ^.  [17] 

And  inserting  these  values  for  c  and  /,  and  3w  for  h  in  equation  [16],  we  get — 

>/.  =  000666  fl  H T—  \  [18] 

For  other  values  of  yf/  less  and  greater  than  those  for  the  economical  percentage 

the  value  of  -•  must  betftken  from  Fig.  368,  and  those  for  /ifrom  equation  [12] 

h 

when  \{^  is  greater,  and  equation  [11]  when  it  is  less  than  the  economical  value. 

Diagram  Fig.  369  gives  the  values  of  /a  for  different   percentages  and  varying 

ratios  of  a>^  to  a>|,  and  the  values  for  intermediate  ratios  can  easily  be  obtained 

from  inspection  of  this  diagram. 

Table  LXVIII  gives  the  values  of  — ,  which  values,  multiplied  by  any  other 

c 

maximum  allowed  value  of  c  will  give  fi  for  these  values  for  plotting  curves 
similar  to  Fig.  369.  If  the  economic  percentages  for  any  other  values  of  c  and  / 
are  found  from  equation  [16],  the  value  of  fi  at  this  percentage  can  be  found  from 
equation  [11].  The  curve  is  practically  a  straight  line  from  the  origin  to  the 
value  thus  found,  and  the  values  of  /x  for  higher  percentages  of  reinforcement  can 
be  found  by  multiplying  the  figures  in  Table  LXVIII  by  the  assumed  value  of  c. 

It  must  be  remembered  that    the  values  of  yfr  are  those  for  the  tensile 
reinforcement  only,  and  that  the  true  percentage  will  be  that  given  by 

^c  +  ^t  o«  ^t(r  +  ^) 

bh  bh 

Equation  [14]  for  single  reinforcements  stands  for  the  purposes  of  inquiry  into 
the  maximum  tensile  strain  in  the  concrete,  and  for  similar  reasons  to  those  given 
for  single  reinforcements  it  is  extremely  improbable  that  the  concrete  will  be 
dangerously  cracked. 

Having  found  /a  we  have  the  relation — 

For  slabs  where  6  =  12  we  get —  

V       l2fJL 

For  beams  we  may  either  assume  a  value  for  &,  or  make  b  some  ratio  of  h  such  aa 

2 

b  =  — h,  in  which  case  we  get — 


V      <j 


or  ?ogA=^^"^^"^~^^~^^ 

Having  found  h,  a,  is  found  from  the  equation  et,  =  y\rbd,  and  o),  follows  from  its 
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s 
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«  I-9  IS  Z-0  2,S  i-O 

Values  of  ^t  X  100  =  ^^  i^ 
oh 

Fio.  369 

NOTB. — The  values  of  ^  x  100  are  those  for  the  tensile  reinforcement  only, 
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relation  to  w^,  or  the  value  of  y.    Having  found  w^  and  w^,  the  areas  are  distributed 
into  the  requisite  number  of  bars. 


TABLE  LXVIII 

Values  of  - 
c 


rl^ 

Wg  =:0'2W| 

U)e  =0'4W| 

<ae=0'6(i}i 

Uc  =0-8wi 

««=&•< 

0-005 

0-1483 

0-1529 

0-1596 

0-1667 

0-1726 

0-0075 

0-1723 

• 

0-1818 

0-1910 

0-2010 

0-2103 

0-01 

0-1896 

0-2041 

0-2176 

• 

0-2299 

0-2446 

0-015 

0-2205 

0-2393 

0-2596 

0-2806 

• 

0-3011 

0-02 

0-2439 

0-2694 

0-2969 

0-3246 

0-3526 

0-025 

0-2624 

0-2955 

0-3299 

0-3667 

0-4002 

• 

0-03 

0-2799 

0-3201 

0-3610 

0-4039 

0-4482 

Generally  speaking  a  double  reinforcement  is  uneconomical  unless  high  per- 
centages of  reinforcement  are  necessary,  but  it  frequently  happens  that  the  avail- 
able depth  is  restricted,  in  which  case  it  becomes  necessary  to  use  a  compressive 
reinforcement  to  obtain  the  requisite  resistance. 

Many  of  the  constructors  who  employ  a  double  symmetrical  reinforcement 
calculate  the  sizes  for  resisting  all  the  stresses,  neglecting  the  resistance  of  the  con- 
crete, and  frequently  use  the  reinforcement  to  partially  support  the  falsework,  which 
is  not  good  practice. 

The  concrete  must  support  certain  stresses,  however  the  reinforcement  may 
have  been  calculated,  and  the  assumption  that  the  reinforcement  will  take  all  the 
stresses  cannot  be  true.  If  the  concrete  is  defective  for  any  reason,  and  cannot 
bear  the  strain  to  which  it  is  subjected,  the  whole  piece  must  fail,  as  the  metal 
skeleton  is  not  sufficiently  rigid  to  bear  the  imposed  loads  unaided,  in  spite  of  its 
having  been  calculated  as  resisting  all  the  direct  stresses. 

When  the  bending  may  be  on  either  side,  as  in  the  division  walls  of  reservoirs 
and  like  structures,  a  double  reinforcement  is  of  course  essential,  but  generally  speak- 
ing it  is  uneconomical,  and  should  only  be  employed  when  absolutely  necessary. 
Bent  reinforcements  are,  however,  useful,  as  they  resist  the  diagonal  tensile 
stresses  and  supply  the  tensile  resistance  over  and  near  the  supports.  With  mov- 
ing loads  a  top  reinforcement  should  extend  about  a  quarter  the  span  on  either 
side  of  the  supports,  which  may  be  reduced  to  one-eighth,  if  the  piece  does  not 
•extend  over  several  supports.  The  straight  bottom  rods  must,  of  course,  extend 
throughout  the  whole  span  and  pass  well  into  or  over  the  supports.    When  bent 
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reinforcemeuta  are  employed  it  is  frequently  necesBary  to  add  further  straight 
reinforcjements  at  the  top  over  and  near  the  supports,  as  the  bent  bare  in 
themselves  may  not  be  sufficient  to  resist  the  tensile  stresses,  and  their  top 
l)end  should  be  made  at  the  support. 


T-Shaped  Beams 

Before  we  can  enter  upon  the  calculations  for  this  type  of  beam  (perhaps  the 
most  common  form  of  reinforced  concrete  construction),  we  must  study  the  question 
of  the  width  across  the  table,  or  the  width  of  the  slab  which  may  be  considered  to 
act  with  the  beam  proper. 

In  the  case  of  secondary  beams  or  principal  beams  when  they  are  only  placed  in 
one  direction,  the  maximum  compressive  stress  in  the  upper  portion  of  the  slab, 
when  considered  by  itself,  will  act  in  a  direction  normal  to  the  beams  and  conse- 
quently will  not  affect  the  compressive  resistance  at  the  slab  in  the  direction  of  the 
beams.  In  this  case  a  width  for  the  slab  considered  as  acting  with  the  T-beam  tnai^ 
be  assumed  as  one4hird  the  span,  or  the  distance  between  the  beams  if  this  is  the 
smaller  dimension. 

When  the  floor  is  divided  into  an  even  number  of  bays  the  maximum 
oompressive  stress  in  the  principal  T-beams  will  be  over  a  secondary  beam,  and 
consequently  the  same  reasoning  applies  in  this  case. 

These  proportions  are  allowed  by  most  of  the  recent  regulations,  including 
those  of  the  Prussian  Government.  In  the  case  of  principal  beams  when  the  bays 
of  a  floor  are  square,  or  when  the  floor  is  divided  into  an  uneven  number  of  bays, 
the  floor  slab,  considered  by  itself,  will  have  been  designed  with  compressive  stresses 
at  the  upper  surface,  in  a  direction  parallel  to  the  principal  beams,  of  the  maxi- 
mum limit  allowed,  and  consequently  the  width  of  the  table  of  the  T-beam  must  he 
assumed  as  only  half  the  distance  between  the  beams,  in  order  that  the  compressive 
stress  at  the  centre  of  the  slab  may  not  exceed  the  maximum  amount  allowed. 

T-shaped  Beams  with  a  Tensile  Reinforcement  only  of  Small  Sectional 
Area  and  Depth  compared  to  those  of  the  Whole  Piece  (Fig.  370). 


I  A 


T — ^ 


t 


*:c« 


J 


; 


Fio.  370 


When  the  T-beam  has  the  slab  at  the  top,  the  whole  width  of  the  slab  and 
sometimes  a  portion  of  the  rib  act  in  compression  for  the  whole  span  in  freely 
supported  beams,  and  for  the  central  portion  of  the  span  when  the  beam  is  built 
in  or  rests  on  intermediate  supports. 

Taking  (B)  as  the  width  of  the  slab  and  supposing  the  newtral  axis  to  coincide 
with  or  be  above  the  underside  of  the  slab,  all  the  equations  for  singly  reinforced 
rectangular  beams,  pp.  349  to  354,  stand,  if  we  substitute  (J3)  for  (b),  and  the  dimen- 
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dons  of  a  beam  already  designed  may  be  checked  by  these  equations  or  the  beam    . 
designed  by  use  of  the  diagrams,  always  substituting  (B)  for  (6). 

When  the  neural  axis  faUs  ouUide  the  slab,  if  we  neglect  the  smaU  compressive 
resistance  offered  by  the  portion  of  the  rib  of  the  T-beam  (which  may  be  done,  as 
it  simplifies  the  calculations  and  the  neglected  resistance  is  very  small  and  tends- 
towards  safety),  if  we  call  the  maximum  resistance  c  and  the  resistance  at  the 
bottom  of  the  slab  c^\ 

Ci  =c  ,  [1] 

u 
-^-^  xBD  =  o)/,  [2) 

/  =mc*^li^.  [3] 

u 

Inserting  the  values  of  c  and  /  in  [2]  we  get — 

2      ^  .  [4] 

BD  +  mu) 

Since  the  distance  of  the  centre  of  gravity  of  the  trapezium  cCi  from  the  upper 
edge  is 

D    c  +  2ci  __ 

inserting  the  value  of  c^  from  [1]  we  get 

^~'  3(2u—D)  ' 

multiplying  the  numerator  and  denominator  of  the  left  side  of  this  equation  by  2, 

6tAZ)  — 4Z)« 
u  —  y= 

^        e(2u—D) 

_W(2u—D)—D^ 

6(2w  —D) 
or 

y  =  u  —  —  H .  [7] 

^  2^6(2ii-Z)) 

Also  Jf  =  (y  +  A  —  u)f(e.  [8] 

To  check  a  beam  already  designed,  equation  [4]  gives  (u),  equation  [8]  gives  /, 
and  equation  [3]  gives  c. 

For  designing  a  beam  :  making  w  =  y^f^BD  ^,  and  substituting  for  y  its  value 
from  [6], 

We  get  from  equation  [8] 


M 


_^  _Z)(3t^2i)) 
B  ~\        ~3(2ir^'D)~\ 


f^A  [9] 


1  It  must  be  noted  that  in  this  case  we  have  considered  the  percentage  of  reinforcement 
in  respect  to  BD  and  not  Bh  as  in  the  case  of  rectangular  beams. 
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Substituting  the  value  of  (/<»)  from  [2]  in  [8],  and  further  substituting  the 
value  of  Cj  from  [1] 

M  =  -^{y+h-u)  (2u-D), 

2u 

and  inserting  the  value  of  y  from  [7]  we  get — 

_  =  _rfl  [i)(2Z)  —  3u)  +  Zh{2u  —  D)].  [10] 

B        Qu 

From  equation  [3],  substituting  16  for  m — 

I5ch 
u-=z- .,  [Ill 

which  is  the  same  as  for  rectangular  beams  (vide  equation  [6],  p.  350.) 

Giving  c  and  /  their  maximum  allowed  values,  we  obtain  a  value  of  t^  in 
respect  to  A. 

With  the  values  c  =  500  and  /  =  15,000— 

w  =  1a.  [12] 

Substituting  this  value  for  u  in  equation  [10],  and  replacing  c  by  500 

J,=i2?^,»-Z»..  [,3] 

which  may  be  written — 

h^^h(2D  +  -  ^r.-^)=—D\  [14] 

V  ^00  BD/  ^    "* 

In  designing  a  floor  we  know  the  values  of  Jf ,  B  and  2),  therefore  we  can  solve 
the  equation  [14]  for  the  value  of  h,  and  from  its  value  obtain  that  of  u  from 
equation  [12]. 

Now  by  substituting  the  values  of  c^  from  [1],  and  /  from  [3]  in  [2],  and  giving 
m  its  value  of  15,  we  get 

~30(h—u)  '  •-     ^ 

and  substituting  in  [15]  the  values  found  from  [14]  and  [12]  for  h  and  w,  we  can  find 
the  value  of  o). 

If  the  values  of  c  and  f  are  not   500  avd    15,000,   the   eqvations    [12],    [13] 

and  [14]  must  be  altered,  since  then  u  will  not  equal  —A. 
Giving  o)  its  value  of  ^fiD  in  equation  [15], 


Also  from  equation  [4] 


,    _  (2u-D) 
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At  the  economical  percentage  where  u  =  —  h. 

To  find  the  economical  value  of  M  for  any  assumed  depths  h  and  Z>,  we  must 
use  equation  [13]. 

It  will  be  seen  from  equation  [18]  that  the  economical  percentage  will  vary 
for  any  assumed  depth  of  slab  D  with  the  depth  h. 

For  any  depths  h  and  D,  for  values  of  •v|/-j  less  than  that  given  by  [18]  the 
moment  of  resistance  must  be  calculated  from  equation  [9],  and  for  values  of  >|/-^ 
greater  than  given  by  [18],  it  must  be  calculated  from  equation  [10], 

The  values  of  -—  for  various  values  of  \/^  will  be  those  given  in  the  diagram 

h 

Kg.  366,  p.  351. 

When  \|/^  =  0-03  (the  highest  value  taken) — 

^  =  0-6.  [19] 

h 

M 
For  obtaining  diagrams  for  the  values  of  h  for  various  values  of  -— ,  we  must 

B 
proceed  as  follows  : — Assuming  a  slab  3  inches  thick.     When  neutral  axis  is  at 
underside  of  slab  and  at  the  highest  percentage  we  have  taken.     From  equation  [19] 

3 

h  = =  5  inches. 

06 

Or  for  the  3-inch  slab  all  beams  more  than  6  inches  deep  will,  with  3  per  cent. 
of  metal  (or  \(^  =  5A=0-03),  have  the  neutral  axis  below  the  slab.  Now  until  the 
neutral  axis  falls  below  the  slab  we  use  w  ^  >\rBh,  and  when  below  slab  w=y^^BD» 

Therefore — 

>^.  =  ^.  [20] 

With  a  3-inch  slab  and  the  maximum  value  we  have  taken  of  >!/-  =  003,  when 
tt  =  3  inches,  A  =  6  inches. 
Therefore — 

0.03x5^^^^^^^^ 
^'  3 

This  will  be  the  highest  percentage  to  which  the  diagram  for  a  T-beam  with  a 
3-inch  slab  need  be  taken.  It  wiU  be  found  that  this  value  is  the  same  for  all 
depths  of  the  slab. 

Now,  taking  the  economical  percentage  when  c  =  600  and  /=  16,000,  we  have 

u        1  - 
from  equation  [10],  p.  350,  or  [12]  above  —  =  —  or  A  =  3w.     Consequently  for  a  slab 

A3 

3  inches  thick,  the  neutral  axis  for  the  economical  percentage  will  not  fall  below 
the  underside  until  A  =  9. 

Therefore  with  a  slab  3  inches  thick  and  with  the  neutral  axis  below  the  slab 
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we  cannot  use  the  economical  percentage  of  reinforcement  until  h  is  greater  than 
9  inches. 

The  economical  percentage  y^  =  wBA = 0-00666  {vide  equation  [11],  p.  350),  and 
when  A  =  9,  we  get  from  equation  [20] — 

I           or.      00055x9      nAi£8»^ 
ylf,=(aBD  = =00167. 

This  will  be  the  lowest  percentage  for  which  we  can  use  the  ecofiomicdl  per- 
centage when  the  neutral  axis  faUs  below  the  slab,  and  is  the  same  for  all  depths 
of  slab. 

Under  these  conditions  for  values  of  h  less  than  3  D  we  can  only  use  values 
of  y^^  higher  than  00167,  and  must  always  use  equation  [10]  for  finding  the  values 

With  any  depth  D  of  the  slab  for  every  value  of  h  there  will  b©  a  value  of  "^ 

l>elow  which  we  cannot  go  in  calculating  the  values  of  -^  for  cases  in  which  the 

B 

neutral  axis  falls  below  the  slab.     These  will  get  less  and  less  as  h  increases,  and 

must  be  found  for  values  of  h  higher  than  that  for  the  economic  percentage  from 

the  equation — 

<r,  = [21] 

^'      30(A~Z)) 

which  is  obtained  by  substituting  D  for  u  in  equation  [16]. 

For  the  values  of  h  less  than  that  for  the  economical  percentage,  the  lowest 
value  of  "vf^i  to  be  taken  must  be  foimd  as  follows,  since  when  the  neutral  axis  is  at 
the  underside  of  the  slab  D  =  u — 

The  vatlues  y^  for  the  various  values  of  -—  are  found  from  diagram  Kg.  366, 

h 

and  we  have  from  equation  [20] 

>|'i=>|'xA  [22] 

v^rhich  gives  the  value  required  for  y\f^. 

The  values  of  \/^j,  obtained  from  [21]  and  [22],  can  be  plotted  on  a  diagram  for 

tiny  thickness  of  slab. 

M 
Diagrams  Figs.  371  to  377  give  the  values  of  —^  for  various  depths,  h  and 

S 

with  various  percentages  of  reinforcement. 
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For  plotting  diagrams  similar  to  Figs.  371  to  377,  equation   [13]  must  be 

M 
used  for  obtaining  — ,  for  the  economical  values  of  'v|^^,  or  when  c  and  /  have 

both  their  maximum  allowed  values.      This  equation  may  be  written 

B  h 

With  greater  values  of  yjr^  we  must  use  equation  [10],  and  for  less  values 

equation  [9],  u  being  always  found  from  equation  [17]. 

For  values  of  y^f^  less  than  those  found  from  equations  [21]  and  [22],  or  whh 

M 
the  'neutral  axis  is  tvithin  the  slab,  the  values  of  —  are  plotted  from  diagram  Fig. 

B 

366  (p.  352),  and  diagram  Fig.  397,  p.  406,  the  values  of  >|/^  in  these  diagrams  being 

h 
multiplied  by  —  for  plotting  the  diagram  for  T-beams  where  xj^^  =  wBD,  instead 

of  (oBh  as  in  the  diagram  for  rectangular  pieces. 

In  T-beams  the  neutral  axis  is  always 

B i^-c-^  well   above   the  centre  of  the  depth,  and 

]        T     •  •-♦i^         5^      }  J  JtKss^a*-^  therefore  it  is  unnecessary  to  inquire  into 

the  tensile  strain  of  the  concrete,  but,  if 
required,  tliis  can  easily  be  done  on  the 
Unes  laid  down  for  rectangular  beams. 

T-shaped  Beams  with  Double  Re- 
inforcement   of    Small   Sectional  Area 
Fio.  378  and  Depth  Compared  with  that  of  the 

Piece  (Fig.  378). 
//  the  neutral  axis  is  above  or  coincides  with  the  underside  of  the  slaby  all  the 
equations  and  diagrams  for  doubly  reinforced  rectangular  pieces  apply,  if  B  be 
substituted  for  b,  and  a  beam  may  be  checked  or  designed  from  these  equations 
and  diagrams  (pp.  354  to  361). 

If  in  designing  a  T-beam  the  value  of  {u)  obtained  for  the  economic  section 
is  greater  than  (D),  we  may  take  a  less  economical  value  or  work  by  trial  and  eiror 
from  the  following  formulae — 

When  the  neutral  axis  falls  outside  the  slab,  neglecting  the  small  compressive 
resistance  of  the  concrete  in  the  rib  of  the  T-beam — 

[2] 

f^  =  mc \  13J 

u 

and  assuming  as  before  that  {u  — a)  =  0-67w  equation  [3]  becomes 

^  =  0-67?nc.  [4] 

We  have  also,  since  the  compressive  and  tensile  resistances  must  be  equal — 
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Inserting  the  values  of  c^  /^  and  /^  we  get — 


BD+inoo^+  O-eimdo 
as  in  the  case  of  single  reinforcement — 


2      ■        •  [6] 


and  further — 


M  =i^XBD.y  +  wJfi.Qlu  +  a'J,{h  -  u).  [8] 


Substituting  the  values  for  Cj,  /,  and  /,  we  get — 

M  =  ^yBD(2u—D)  +  m{0-45o),««  +  ft),(A  —  «)«}].  [9] 

a 

Inverted  T-Beams 

The  inverted  T-beam  is  very  seldom  employed,  but  the  ends  of  a  built-in 
upright  T-beam  will  act  as  if  the  T-beam  were  inverted,  the  portion  in  tension 
being  at  the  top  and  that  under  compression  at  the  bottom.  In  this  case  there  is 
generally  a  double  reinforcement  formed  either  by  bending  up  some  of  the  tensile 
reinforcing  rods  or  by  placing  separate  reinforcement  near  the  upper  surface  over 
the  supports  and  for  some  ^distance  on  each  side. 

It  is  very  unUkely  that  the  neutral  axis  will  fall  inside  the  slab  of  an  inverted 
T-beam,  and  should  it  do  so  we  may  neglect  the  compressive  resistance  of  the  small 
portion  of  the  concrete  of  the  slab  which  may  be  included  in  the  part  under  com- 
pression, since,  being  close  to  the  neutral  axis,  the  stresses  will  be  very  small. 

Consequently  in  any  case  the  equations  and  diagrams  given  for  rectangular 
pieces  will  be  applicable,  the  width  of  the  beam  being  (6)  in  this  instance. 

For  inverted  T-beams  it  is  more  necessary  to  inquire  into  the  strain  of  the 
concrete  in  tension  ;  as  (u)  in  this  instance  is  nearly  always  below  the  centre  of  the 
depth,  /  or  /^  (as  the  case  may  be)  divided  by  E^  will  give  the  strain  at  the  level  of 
the  reinforcement. 

Denoting  this  by  (s),  we  have — 

slS ^  "rPf     must  be  less  than  

(h  —  u)  1000 

It  is  the  usual  practice  to  increase  the  depth  of  a  T-beam  at  the  supports  by 
a  curved  or  splayed  corbelling,  which  has  the  effect  of  lowering  the  neutral  axis 
and  so  preventing  the  cracking  of  the  concrete  from  excessive  strain.  It  also 
provides  more  material  for  taking  up  the  compressive  stresses.  M.  Consid^re  now 
uses  a  hooped  reinforcement  in  the  compressive  area  of  a  T-beam  over  and  near 
the  supports. 

In  the  usual  case  where  an  inverted  T-beam  is  employed,  i.e.  at  the  supports 
of  an  upright  T-beam,  the  piece  has  been  already  designed  and  only  requires  verifying 
for  the  stresses  at  the  supports. 

Pieces  with  Reinforcements  of  Large  Sectional  Area  (Fig.  379) 
In  this  case  the  reinforcement  has  in  itself  a  resistance  against  bending,  and 
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neither  the  depth  nor  the  sectional  area  can  be  neglected  when 
compared  to  that  of  the  whole  piece. 

The  values  /^  and  /^  will  therefore  be  considered  as  the  mean 

and  fg„^g^g  and  f^„^  as  the  maximum  resistances  of  the  sections ; 

{u — a)  and  {h — u)  being  the  distances  from  the  neutral  axis  to  the 

centres  of  gravity  of    the    metal  sections;    and    {u—a)^^  and 

{h — u)^^  the  distances  from  the  neutral  axis  to  the  outer  fibres 

of  the  reinforcements,  and  further  i^  and  i^  will  be  the  moments  of 

inertia  of  the  reinforcements  about  their  own  centres  of  gravity. 

The  compressive  reinforcement  takes  up  an  appreciable  area  compared  with 

that  of  the  whole  piece,  which  must  be  deducted  from  the  area  of  the  concrete  in 

compression.     The  resistance  of  the  concrete  displaced  by  this  reinforcement  may 

be  supposed  to  act  at  its  centre  of  gravity. 

In  this  case  the  stress  on  the  area  of  concrete  replaced  by  the  upper  reinforce- 
ment will  be — 

{u  —  a) 


u 


Equating  the  compressive  and  tensile  stresses  we  get — 

^cub  —  -'cft)^  +  wj^  =  odJ^. 


[1] 


For  the  calculations  of  the  moment  of  resistance  of  the  piece,  the  moment  of 
each  reinforcement  acting  by  itself  must  be  included,  and  for  the  compressive 
reinforcement  the  moment  of  the  concrete  which  it  replaces  must  be  deducted. 

We  have  therefore — 

if  =  ^c««6-  ijLZ^;}^  _Sk+  f^^j^u  -  a)  +  -J-^'.  ^  +  j^,(h-  u)  +  _M_.  [2] 
3  u  u  {u  —  a)  {h  —u) 


We  have  also — 


.  {u  —a) 

u 

,            (A  —  tt) 
/j=:i  cm  ~ -. 

u 


13] 
[*] 


Substituting  these  values  in  equations  [1]  and  [2],  we  get — 

1  ,       (w— a)          ,            (u—a)               (A— w)       -, 
^cuo  —  ^^ c^.  +  o)  cm  ^ —      '  —  ftjjcm  ^^ =  0, 

2  u  u  u 


or — 


and — 


^u^b  —  {u  —  a)a)^(  1  —  m)  —  mu\{h  —  u)  =0, 


1 


[5] 


[6] 


M=-cu^b 
3 


5^ '- — ^--  — ?  +  cm^- ^ ft).  H -^-  H 5^ '-  a\  H ',  [/] 

u  u  -  - 


u 


u 


u 


u 


M  :=-\  -u^b +\(u^a)^w^-\-i^\(in —i) +  m(h —u)^a)^  + i^  1. 


[8] 


The  maximum  stresses  in  the  reinforcements  are  given  by— • 
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/c««=cm(^Il^l2-,  [9J 

u 

and  f^  =  cm<All!*W.  [10] 

u 

If  there  is  only  a  reinforcement  on  the  tensile  side 

f=crn>- ^,  [11] 

u 

\u^h  —m{h  —u)u>—(i,  [12] 

M=zlVlu^b-\-m{{h—uyo>  +  i]~\  [13] 

/«..=cm(AlI^--.  [14] 

The  values  of  the  moments  of  inertia  for  various  sections  are  given  in  Table 
LXVI  (page  341). 

The  equations  for  T-beams  reinforced  with  large  sections  follow  from  the 
above,  being  compiled  in  exactly  the  same  manner. 

The  employment  of  reinforcements  of  large  sectional  area  is  not  to  be  recom- 
mended, as  the  best  practice  in  reinforced  concrete  construction  for  pieces  sub- 
jected to  simple  bending  is  to  keep  the  metal  as  far  as  possible  from  the  neutral 
axis  of  the  piece,  where  it  acts  at  its  best  advantage.  The  design  of  reinforced 
concrete  is  similar  to  that  of  metal  girders  in  this  respect. 

The  rolled  joist  is  uneconomical  as  regards  the  use  of  the  metal,  its  economy 
being  a  purely  practical  consideration.  The  same  remark  appUes  to  a  plate-web 
girder,  true  economy  of  material  being  only  obtained  when  the  web  is  of  the  open 
type,  being  only  sufficient  to  take  up  the  shearing  stresses.  With  reinforced  concrete 
the  practical  economy  of  the  rolled  joist  and  plate  web  does  not  apply,  as  the  cost 
of  construction  is  very  nearly  the  same  whether  we  use  large  sections  or  small. 

In  the  case  of  slabs,  the  tests  and  experiments  which  have  been  carried  out 
prove  that  the  best  type  is  that  when  small  sections  of  reinforcement  are  employed 
fairly  close  together ;  and  the  fact  that  but  few  constructors  employ  large  rein- 
forcing sections  in  beams  is  a  sufficient  proof  that  small  sections  are  the  most 
economical  for  these. 

For  arches  which  act  mainly  in  compression,  large  sections  may  be  employed 
with  economy,  and  many  constructors,  Melan  and  Wiinsch  among  the  number, 
employ  this  type  with  success.  For  arches  large  sections  have  also  the  advantage 
of  readily  adapting  themselves  to  hinged  connexions. 

When  large  reinforcing  sections  are  employed  it  is  the  usual  practice  to  use 
them  for  the  purpose  of  supporting  or  partiaUy  supporting  the  falsework,  and  • 
in  consequence  they  gain  an  extensive  practical  advantage  ;  but  it  cannot  be  con- 
sidered good  practice  to  support  the  falsework  by  the  aid  of  the  reinforcement, 
as,  when  this  is  done,  there  must  be  a  certain  amount  of  initial  strain  and  there 
is  more  risk  of  vibration.  These  remarks  do  not,  of  course,  refer  to  the  use  of 
rolled  joists  as  beams,  this  form  of  construction  not  being  reinforced  concrete 
in  the  true  sense  of  the  term. 
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SHEARING   STRESSES   IN   PIECES   SUBJECTED   TO    BENDING 

The  vertical  shear  on  a  piece  under  flexure  is  resisted  by  the  longitudinal 
shearing  resistances  of  the  fibres. 

The  horizontal  shearing  resistances  are  those  which  add  the  increments  to 
the  direct  resistance  of  the  fibres.  If  there  were  not  shearing  resistance  betwem 
the  fibres  they  would  simply  slide  on  one  another  and  exert  no  stresses  to  rosist 
bending.  The  vertical  shearing  force  is  resisted  by  the  sum  of  the  horizontal  shear- 
ing  resistances  in  all  the  fibres  of  the  section. 

a    ^     d 

On  each  small  square  particle  ^        \^  (abed)  in  a  beam  there  are  horizontal 

and  vertical  forces  acting,  which  to  be  in  equihbrium  must  be  equal  to  one  another. 
The  shearing  resistances  that  it  is  necessary  to  provide  in  a  beam  are  in  reality 
these  horizontal  ones  which  prevent  the  tendency  of  the  fibres  to  sUde  over  one 
another  and  so  cause  the  failure  of  the  beam,  in  consequence  of  their  inability  to 
exert  the  necessary  resistance. 

When  transverse  reinforcements  are  employed  the  resistance  of  the  concrete* 
may  be  neglected  altogether,  since  it  is  difficult  to  decide  on  the  proportion  of 
the  stress  resisted  by  it,  and  also  it  does  not  affect  the  economy  to  any  great  extent 
if  the  transverse  reinforcement  alone  is  considered  as  resisting  the  shearing  str^ses. 
These  reinforcements  have  also  the  practical  advantage  of  tjdng  together 
the  several  layers  of  the  beam,  more  especially  in  the  case  where  some  time  may 
elapse  between  the  deposition  of  the  several  layers  ;  it  is  therefore  immaterial  if 
their  sectional  area  is  somewhat  in  excess  of  its  proper  theoretical  value. 

Now  it  is  clear  that  the  added  increment  of  the  longitudinal  stresses  in  a  beam 
being  represented  by  the  equal  triangles  OEF  and  OOH  (Fig.  380)  the  longitudinal 

0  e.  shearing  stress  on  any  horizontal   plane   must  be 

equal  to  the  sum  of  the  increments  above  the 
plane  in  question.  The  effect  is  shown  graphically 
in  Fig.  381,  where  WO'Q'  represents  the  vertical 
plane  of  a  section  upon  which  there  are  act  ng 
shearing  stresses  at  each  point  in  its  height,  which 
shearing  stresses  are  represented  by  the  ordinates 
from  WO'Q'  to  the  curve  ^0"^,  It  will  be  noticed 
Fio.  380  Fia.  381      that    these  increase  from  the  top  surface  of  the 

beam  until  the  neutral  axis  is  reached,  when  the 
direct  stresses  change  sign,  and  consequently  the  increments  become  minus. 

In  a  reinforced  concrete  beam  where  the  resistance  of  the  concrete  in  tension 
is  neglected  the  diagram  of  the  shearing  will  take  the  form  shown  in  Fig.  382,  i.e. 
the  shearing  stress  is  maximum  at  the  neutral  axis,  and  continues  at  this  value 
until  the  tensile  reinforcement  is  reached. 

Professor  Talbot,  of  the  University  of  Illinois,  has  given  a  very  neat  treat- 
ment for  the  calculation  of  the  shearing  resistance  in  reinforced  concrete  beama 
in  the  discussion  on  this  subject  in  his  Bulletin,  No.  14,  1906;  this  method  of 
treatment  is  given  below. 

For  any  vertical  section  of  a  singly  reinforced  beam,  the  resisting  moment 
is  given  by  the  equation  {vide  Fig.  383). 
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^  =  »/(*-^).  m 

DMerentiating  this  we  obtain 

X~  J^pf^sents  the  rate  of  change  of  the  bending  moment,  and  this  equals  the 
shearing  force  at  the  section,  or 

f-  =  K.  [3] 

da: 

Prom  equations  [2]  and  [3]  we  get 

Sf  K 

"&-^^  [41 


V 

IF 


Fio.  383 


.''' 


Now  m  /  expresses  the  rate  of  change  of  the  tensile  stress  in  the  reinforcing 

rods  at  the  section  under  consideration  and  measures  the  stress  that  is  trans- 
mitted to  the  concrete  from  the  bars.  Now  if  Xt  i^  the  total  perimeter  of  the 
tensile  i%inforoements,  and  i!^  the  shearing  stress  around  the  rods,  we  have 

From  equationa  [4]  and  [6]  we  have 
K       . 


*i=- 


<"-})  ra 


which  gives  the  shearing  stress  around  the  rods. 
From  equation  [8]  we  have 

ky   -   -^— 

Now  if  we  consider  i,  x*  "r  the  total  shearing  stress  around  the  reinforce- 
ments as  being  distributed  over  a  horizontal  section  just  above  the  plane  of  the 
'  The  safe  value  of  kt  may  be  taken  as  100  pounds  per  square  inch  (vtde  p.  307). 
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rods  for  a  unit  length  of  the  beam,  and  call  the  unit  shearing  stress  !!;,„,  we 
have 

And  from  equations  [6]  and  [8]  we  get 

K 


)b_.= 


'max 


(*-3) 


W 


It  will  be  seen  from  Fig.  382  that  this  unit  shearing  stress  is  the  same  for 
all  fibres  up  to  the  neutral  axis. 

Equation  [9]  applies  equally  to  a  beam  vnth  dovble  reinforcement,  since  we 
have  placed  the  axis  of  the  compressive  reinforcement  at  the  centre  of  action  of 
the  compressive  resistance  of  the   concrete.      When  this  reinforcement  is  in  any 


other  position  (h )'  must  be  replaced  by 


mwj^u  —  a)  (A  —  a)  + 


u^b 


("-}) 


mwj^u  —  a)  + 


u^b 


The  values  of  (h  —  —  j  for  single  reinforcement  are  given  in  diagram  Fig.  384. 
For  double  reinforcements  it  can  be  found  by  the  use  of  diagram  Fig.  368,  p.  356 
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Fio.  384 

Equation    [6]  is  not  modified  by  the  presence  of  transverse  reinforcements 
unless  they  are  secured  to  the  longitudinals.     Special  forms  of  twisted  or  corrugated 

^  The  value  of  kmax  should  not  exceed  50  pounds  per  square  inch. 
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bars  offer  no  additional  resistance  to  sach  shearing  stresses  beyond  that  due  to 
their  maximum  perimeter. 

Alteration  of  Shearing  Stresses  due  to  an  Inclined  Reinforcement — 

When  an  inclined  reinforcement  is    employed,    if  its    area        

is  (Oj^  and  the   direct  tensile  resistance  is  /,  and  (f>  is  the  angle  | 

it  makes  with  the  horizontal  (Fig.  385), 

The  total  direct  resistance =/a)j.  [10] 

The  resistance  to  vertical  shearing =/ft>j    Sin  (j>.  [11] 

The  vertical  shearing  force  is  therefore  reduced  by  the 
employment  of  this  reinforcement  by  the  amount  given  by 
equation  [11]. 

Therefore  the  shearing  force  at  any  point  cut  by  the  rein- 
f  orcement  will  be— 

K'  =  K-^fwj^  Sin  (p.  [12] 

K'  must  then  be  substituted  for  K  in  the  former  equations  when  a  bent 
reinforcement  is  employed. 

For  an  inclined  reinforcement  to  resist  the  whole  of  the  shearing  equation  [11] 
becomes  K  =  /cd^  Sin  (p,  and  we  get — 

wj^=      ^     .  [13] 

/  Sin  ({) 

With  a  freely  supported  beam  and  a  curved  reinforcement  which  will  closely 
approximate  to  a  paraboUc  curve,  the  shearing  force  will  be  nil  as  in  the  case  of 
bowstring  metallic  bridges  if  the  load  is  uniformly  distributed  and  not  a  moving 
load. 

Shearing  Stresses  on  Vertical  Reinforcements. — ^When  there  are  special 
vertical  reinforcements  to  resist  shearing,  each  plane  in  the  depth  of  the  beam 
between  the  lower  reinforcement  and  a  plane  close  to  the  top  is  traversed  by  the 
reinforcement ;  the  shearing  stress  on  the  plane  is  consequently  in  reality  resisted 
partly  by  the  concrete  and  partly  by  the  vertical  reinforcement,  but,  for  reasons 
already  pointed  out  (page  378),  the  resistance  of  the  concrete  will  be  neglected. 

Considering  therefore  that  the  concrete  does  not  assist  the  metal  in  resist- 
ing the  shearing  stresses,  we  need  only  find  the  total  shearing  force  acting  on  the 
portion  of  the  beam  between  the  centres  of  two  neighbouring  transverse  reinforce- 
ments, and  by  substituting  this  value  for  K  in  the  preceding  formulae  we  obtain 
the  maximum  shearing  stress.  This  stress  divided  by  the  sectional  area  of  the 
metal  gives  the  unit  resistance  of  the  reinforcement,  which  must  be  below  its  Umit 
of  resistance  to  shearing. 

If  we  consider  a  length  of  a  beam  to  the  left  of  the  centre  between  a  section 
(^)  at  a  distance  of  (x)  from  the  left  support  and  a  section  (B)  at  a  distance  of 
(y)  from  the  left  support,  and  use  the  following  symbols — 

i?^  =  reaction  at  left  support, 

W  =  any  load  to  the  left  of  section  (-4), 

W^  =any  load  between  the  sections  (-4)  and  (B), 

(The  IV's  being  of  any  intensity,) 

2  =  the  distances  of  the  loads  (W)  from  the  section  {A\ 

and  2j  =  the  distances  of  the  loads  ( W^)  from  the  section  (B), 
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We  have  for  the  shearing  force  at  section  (A) — 
-and  for  the  bending  moment  at  section  (-4) — 

The  mean  value  of  the  decrease  of  the  shearing  force  on  the  length  (y-x) 
"between  the  sections  (A)  and  (B)  will  be — 

We  have  therefore  for  the  mean  value  of  the  total  shearing  force  on  the  length 
(y  — x)  between  the  sections  (A)  and  (B) — 

iy-x) 

The  total  shearing  force  on  the  length  {y  —  x)  will  therefore  be — 

K=Rr.  {y-x)-^W{y-x)}--L{W,z,). 
Now,  the  bending  moment  at  section  (J5)  will  be — 

M,=Ra-  A  Wz)-^{  W{i,  -  a:) }  -  2(  W,z,), 
and  the  increase  of  the  bending  moment  over  the  length  (y  — x)  will  bc^ 

M,-M,=  Rr,{y-x)  _  2  { tF(y  -  a:) }  -  2(  W.z,)  =  K. 
We  obtain  then  for  the  maximum  stress  in  the  metal  {vide  equation  [9])— 

_   Mi— Ml  1 

Jfi— Jfa  being  the  increment  of  the  bending  moment  on  the  length  of  the  beam 
tinder  consideration. 

Equation  [14]  may  be  written — 

[15] 


ft).  =: 


'•('-ly 


from  which  by  inserting  the  several  values  we  can  find  o) . 

When  a  bent  reinforcement  is  also  employed,  the  expression  (Jfa— -Jtfi)  must  be 
replaced  by 

(ilf  2  — if  1 )  —  fwj,xSin(p,  [16] 

when  X  is  the  length  of  the  beam  under  consideration,  /  the  direct  tensile  resist- 
ance of  the  bent  reinforcement,  and  (p  its  angle  of  inclination  to  the  horizontal  at 
the  point  where  transverse  reinforcement  cuts  it. 

The  vertical  reinforcements  are  usually  made  of  the  same  sectional  area  through- 
out the  span,  and  are  spaced  farther  and  farther  apart  as  they  approach  the  centre 
of  the  beam,  so  that  the  expression  (ilfa— Jf^)  remains  constant.  The  proper 
spacing  may  be  found  graphically  as  shown  in  Figs.  386  and  387. 

The  diagram  of  bending  moments  is  plotted  and  the  maximum  ordinate  drawn 
which  is  divided  into  equal  parts  ;  through  each  of  the  points  so  found  a  line  is 
drawn  parallel  to  the  closing  line  of  the  diagram.     Where  these  lines  cut  the  curve 
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verticals  are  drawn  which  give  the  centres  of  the  vertical  reinforcements.  The 
divisions  of  the  maximum  ordinate  should  be  so  arranged  that  the  distance  from 
the  supports  to  the  first  vertical  reinforcement  is  not  more  than  about  half  the 
depth  from  the  centre  of  action  of  the  compressive  resistance  of  the  concrete  to 
the  axis  of  the  tensile  reinforcement. 

At  any  section  of  the  beam  the  bending  moment  is  represented  by  the  ordinate 
to  the  curve.  By  dividing  the  maximum  ordinate  into  equal  parts  it  can  be  clearly 
seen  that  the  increment  of  bending  moment  for  each  distance  from  centre  to  centre 
of  the  neighbouring  transverse  remforcements  is  the  same  as  they  are  represented 
by  oft,  cd,  c/,  etc. 

The  area  for  the  reinforcement  is  found  for  that  nearest  to  the  support, 
the  increment  of  bending  moment  being  in  this  case  the  bending  moment  at  that 
reinforcement,  found  in  all  cases  as  that  which  would  exist  for  a  freely  supported 
beam. 


I 

Fio.  386 


Fig.  387 


VARIOUS  METHODS  OF  CALCULATION  FOR  PIECES  SUBJECTED 

TO  BENDING 

General  Remarks. — Many  different  methods  of  calculation,  both  semi- 
empirical  and  scientific,  have  been  proposed  by  various  authorities.  It  is  not 
intended  to  give  all  these  in  detail,  as  their  interest  is  chiefly  academical.  Those 
only  have  been  selected  that  are  largely  employed  or  have  a  particular  interest. 
Those  of  M.  Hennebique  and  Professor  Ritter  are  constantly  employed.  Those 
recommended  by  M.  Christophe  are  used  by  some  firms.  M.  Considdre's  formulae 
are  interesting  in  that  they  take  account  of  the  tensile  resistance  of  the  concrete 
and  are  also  those  which  should  be  employed  for  calculating  the  deformations, 
sinoein  this  case  the  concrete  in  tension  cannot  be  neglected.  Professor  Talbot's 
is  probably  the  most  scientifically  accurate  method  that  has  been  proposed  up 
to  the  present  time. 

The  Hennebique  Method  of  Calculation. — M.  Hennebique  assumes  the 
weight  of  reinforced  concrete  as  being  140  pounds  per  cubic  foot,  the  resistance 
of  the  concrete  in  compression  as  360  and  sometimes  410  pounds  per  square  inch, 
and  the  resistance  of  the  iron  in  tension  is  taken  as  14,220  pounds  per  square  inch, 
while  for  steel  he  allows  from  17,066  to  21,330  pounds. 

The  bending  moment  on  built-in  slabs  is  arrived  at  by  a  pecuUar  method. 
If  t£;  is  the  weight  of  the  piece  itself  per  lineal  unit,  and  w^  the  uniformly  distributed 
load  per  linectl  unit,  the  bending  moment  for  a  built-in  beam  is  taken  as 

{w  •■\-Wi)L^ 
10  "' 

a  very  customary  allowance.     The  slabs  being  supported  on  all  edges,  the  bending 
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moments  are  considered  in  both  directions.     If  L  is  the  longer  span  and  B  the 
shorter  span,  there  are  supposed  to  be  two  bending  moments — 

^  10  '  10 

and  the  maximum  on  the  slab  is  considered  as  the  mean  of  these  two,  or — 

2 

The  disposition  of  the  reinforcements,  crossing  one  another  and  being  continuous 

over  the  supporting  beams,  is  assumed  to  considerably  diminish  this  bending  moment. 

It  is  therefore  reduced  to  one-third,  and  the  value  for  use  in  the  calculations  is  taken 

M 
as  — .     This  value  for  the  bending  moment  only  applies  to  continuous  slabs. 

This  method  is  simple,  but  the  truth  of  the  reasoning  is  not  clear. 

For  finding  the  depth  of  a  slab  or  rectangular  beam  and  the  area  of  the  rein- 
forcement, M.  Hennebique  considers  all  the  concrete  above  the  neutral  axis  as 
equally  resisting  the  compressive  stress.  Assuming  the  same  symbols  as  those  used 
previously,  M.  Hennebique  uses  the  equation — 

,      u      M 

cub  X  -  ::^    -, 
2        2' 

M 
from  which  u^  =  ~-~,  [1] 

CO 

This  equation  gives  the  value  of  w,  or  the  distance  of  the  neutral  axis  from  the 
surface  under  greatest  compressive  stress  if  we  know  6. 

In  the  case  of  slabs,  6  is  the  unit  width  h  is  supposed  to  be  known,  which  gives 
the  value  of  (A — u). 

And,  finally,  the  area  of  the  reinforcement  which  resists  the  remaining  half 
of  the  bending  moment  is  given  by  the  equation — 

M 

M 
from  which  w  =z       /  .  [2] 

2f(h  —  u) 

Inserting  M.  Hennebique 's  values  for  c  and  /  for  a  wr ought-iron  reinforcement, 
we  get — 

u  =  0053^^  '^,  [3] 


and  (0 


b 
M 


28,440  (h  ~  0.053y/  ^\  '  [4] 

For  thin  slabs  M.  Hennebique  assumes  a  value  of  A  not  less  than  A=:l-5tt,  which 
substituted  in  [2]  and  [5]  with  the  value  of  u  from  [4]  and  6  =  12  gives 

h  =  0023  ^/M,  [5] 

and  ft)  =  00045 vjtf.  [6] 
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For  a  rectangular  beam  or  piece  of  considerable  depth  M.  Hennebique  does  not 
exceed  for  the  value  of  h 

h  =  2-5u. 

The  errors  in  this  method  of  calculation  are  evident.  In  the  first  place  the 
concrete  in  compression  does  not  resist  the  stresses  equally  throughout  its  whole 
depth,  and  secondly  instead  of  equating  the  resultant  compression  to  the  resultant 
tension  M.  Hennebique  equates  the  moments  of  these  resultants. 

The  T-beams  of  the  Hennebique  system  are  designed  in  the  following  manner. 
The  depth  of  the  floor  slab  is  found  by  the  previous  formulae,  the  width  of  the 
table  IS  assumed  to  be  the  whole  distance  from  centre  to  centre  of  the  beams,  i.e. 
the  slab  is  supposed  to  resist  the  compressive  stresses  on  the  beam  for  half  the 
distance  between  the  centres  of  the  beams  on  either  side.  M.  Hennebique  further 
assumes  that  the  slab  alone  resists  the  compressive  stresses,  and  that  it  resists 
them  equally  through  the  whole  of  its  depth.    He  therefore  obtains  the  equation 

from  which  u  =  ^  ^^  +-z*  [7] 

2cBD       2 

which  gives  a  value  for  u,  or  the  distance  of  the  neutral  axis  from  the  surface  under 
greatest  compressive  stress. 

He  then  gives  a  value  to  A  in  the  neighbourhood  of  2-5  according  to  judgment. 

The  sectional  area  of  the  reinforcement  is  found  from  equation  [2] — 

a>  =  —^ .  [8] 

The  errors  of  this  method  of  calculation  are  similar  to  those  already  detailed 
for  slabs.  There  is  a  further  error  in  assuming  the  whole  thickness  of  the  slab  as 
always  resisting  the  compressive  stresses,  since  cases  occur  when  the  neutral  axis 
iies  within  this  thickness.  On  the  other  hand  it  frequently  happens  that  a  por- 
tion of  the  beam  itself  acts  in  compression,  but  in  this  case  the  extra  resistance 
may  be  placed  against  the  error  in  assuming  the  stresses  as  equally  resisted  through- 
out the  whole  depth  of  the  slab. 

When  compression  rods  are  added  to  the  tensile  reinforcements  these  rods 
are  considered  to  resist  to  their  maximum  allowed  stress — no  allowance  being 
made  for  the  fact  that  they  cannot  act  under  more  stress  than  the  deformation 
of  the  concrete  allows,  and  that  if  they  do  act  with  their  maximum  resistance  the 
concrete  must  be  stressed  to  about  one-tenth  of  that  value  in  consequence  of  the 
difference  of  the  coefficients  of  elasticity  of  the  two  materials. 

M.  Hennebique  either  assumes  the  position  of  the  neutral  axis  or  the  sectional 
area  of  the  tensile  reinforcement.  Whichever  of  these  two  values  is  not  assumed 
is  found  by  equation  [8],  on  the  assumption  that  the  reinforcement  in  tension 
resists  half  the  bending  moment,  the  value  of  h  being  assumed  as  before. 

The  other  half  of  the  bending  moment  is  then  equated  to  the  compressive 
resisting  moment  by  the  equation — 

^=cBDx(u^^')  +  f,w,x(u--a).  [9] 
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The  Calculations  for  the  Stirrups  are  effected  in  the  following  Way.- 
The  bent  rods  are  first  supposed  to  resist  half  the  maximum  shearing  stress  at  the 
supports.  The  stirrups  are  then  designed  to  resist  the  other  half.  From  this 
supposition  the  following  equation  is  obtained — 

This  gives  the  sectional  area  of  the  stirrups  for  a  length  of  the  beam  equal  to  the 
distance  between  the  centres  of  tension  and  compression.    In  a  slab  or  rectangular 

beam  this  distance  will  be  (h — -),  and  for  a  T-beam  (h — — ). 

If  the  distance  between  the  two  first  sets  of  stirrups  near  the  supports  difiere 
from  this  value,  the  sectional  area  is  altered  projiortionately. 

The  sectional  area  of  the  stirrups  is  divided  up  into  the  number  of  stiirups  in 
the  width  of  the  beam,  each  having  two  branches.  The  resistances  of  the  metal 
to  shearing  are  taken  as  from  8,530  to  9,955  pounds  per  square  inch  for  wrought 
iron,  and  11,375  pounds  per  square  inch  for  steel.  This  method  of  calculation  is 
not  always  adhered  to,  however,  as  sometimes  the  strength  of  the  stirrups  is  increased 
as  a  matter  of  precaution. 

The  above  method  of  calculation  for  the  area  of  the  transverse  reinforcements 
is  almost  universally  adopted  by  the  constructors  who  use  them,  excepting  that 
very  frequently  the  resistance  of  the  bent  bars  is  neglected. 

The  stirrups  remain  the  same  sectional  area  throughout  the  whole  length 
of  the  beam,  but  the  distance  apart  of  the  sets  is  increased  as  the  centre  of  the 
span  is  approached. 

Calculations  generally  adopted  in  Systems  that  employ  a  Symmetrical 
Reinforcement — The  reinforcement  in  these  systems  is  usually  constructed  so 
as  to  have  a  certain  resistance  before  the  concrete  is  added,  in  order  that  it  may 
be  able  to  assist  in  the  support  of  the  falsework — MM.  Pavin  do  Lafarge,  M.  Bonna 
and  M.  Chaudy  are  amongst  those  who  adopt  this  method.  The  areas  of  the  rein- 
forcements are  calculated  in  the  same  manner  as  the  flanges  of  an  ordinary  girder 
and  the  compressive  resistance  of  the  concrete  is  neglected. 

The  equation  therefore  becomes — if  h^  is  the  distance  from  centre  to  centre  of 
the  upper  and  lower  members,  and  w  is  the  sectional  area  of  each  series  of  reinforce- 
ments, and  /  is  the  unit  resistance,  which  is  the  same  in  compression  and  tension  — 

This  method  of  calculation  does  not  take  into  account  the  true  elastic  behaviour 
of  the  reinforced  concrete  beam.  The  concrete  in  compression  cannot  in  reality 
be  neglected,  and  will,  as  a  matter  of  fact,  resist  a  great  proportion  of  the  com- 
pressive stresses,  the  different  coefficients  of  elasticity  of  the  two  materials  prevent- 
ing the  reinforcement  in  compression  from  acting  up  to  its  maximum  allowed 
resistance  until  the  concrete  has  suffered  very  considerable  deformation.  The  neutral 
axis  of  the  piece  is  also  considered  to  be  at  the  centre  of  the  depth,  whereas,  in  reality, 
it  always  takes  up  a  position  nearer  to  the  compressive  than  the  tensile  surface 
unless  the  percentage  of  tensile  reinforcement  is  very  large. 

It  may  be  asked  why  we  cannot  neglect  the  deformation  of  the  concrete  in 
compression  in  the  same  manner  as  we  neglect  the  portion  in  tension,  and  that, 
if  the  concrete  in  tension  allows  the  reinforcement  to  act  up  to  its  limiting  stress, 
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by  havirg  the  property,  when  combined  with  the  reinforcement,  of  submitting 
to  great  elongations  without  cracking,  the  same  property  may  also  exist  in  the 
concrete  under  compression. 

If  the  compressive  side  of  the  beam  were  reinforced  by  hooping,  in  the  manner 
described  when  discussing  hooped  columrs  (page  176),  the  concrete  would  gain 
some  such  property,  since  the  swelling  is  prevented,  and  great  deformations  have 
been  obtained  without  rupture,  in  experiments  carried  out  on  pieces  with  this  type 
of  reinforcement. 

Concrete  in  compression  has  not  been  found  to  have  the  property  of  being  able 
to  undergo  excessive  deformation  when  in  combination  with  longitudinal  rods  only. 

Professor  Ritter's  Calculations  for  Pieces  subjected  to  Bending.^— These 

are  used  by  many  constructors  at  the  present  day,  amongst  which  Herren  Wayss 

and  Fratag  and  MM.  de  Vallierie  et  Simon  may  be  mentioned.     The  Government 

'of  Switzerland  insist  on  all  reinforced  concrete  structures  being  checked  by  these 

formulae,  which  render  their  adoption  in  Switzerland  almost  a  necessity. 

Herr  Ritter  considers  that  the  maximum  resistance  of  the  concrete  in  com- 
pression may  be  taken  as  430  pounds  per  square  inch  for  a  piece  subjected  to  vibra- 
tions or  where  the  loading  is  uncertain  ;  but  that  for  pieces  under  steady  assessable 
loads  this  resistance  may  be  increased  to  from  600  to  670  pounds  per  square  inch. 

He  takes  the  value  of  m  =  -„'  as  10.     The  tensional  resistance  of  the  concrete  he 

neglects  in  his  calculatioms,  while  admitting  that  when  combined  with  the  rein- 
forcement it  will  bear  from  430  to  670  pounds  per  square  inch  with  safety.  The 
tensile  resistance  of  the  wrought-iron  reinforcement  he  places  at  from  14,200  to  17,100 
pounds  per  square  mch. 

Herr  Ritter  proceeds  by  considering  that  if  it  is  desired  to  find  the  stresses 
produced  by  a  given  bending  moment  Jf  on  a  given  cross-sec :ion,  the  area  cf  the 
reinforcement  must  be  multiplied  by  m  and  the  increased  area  regarded  as  of  con- 
crete. Calculations  must  be  then  made  to  find  the  centre  of  gravity  and  moment 
of  inertia  of  the  supposed  enlarged  section  thus  obtained. 

Then  if  (u)  is  the  distance  of  the  centre  of  gravity  from  the  surface  under 
greatest  compressive  stress  and  (y)  its  distance  from  the  centre  of  gravity  of  the  rein- 

forcement,  the  maximum  compression  of  the  concrete  is  c  = according  to 

the  generally  accepted  expression  M  =— ,   and  the  stress  on  the  reinforcement 


/  =  10  ^f . 


y 


If  <T  is  the  sectional  area  of  the  piece  supposed  to  be  entirely  formed  of  con- 
crete. 

ft)  the  area  of  the  reinforcement, 

d  the  total  depth  of  the  piece, 

b  the  breadth  of  the  piece, 

h^  the  distance  between  the  centres  of  action  of  the  compressive  and  tensile 
stresses, 

j3  the  distance  of  the  centre  of  gravity  of  the  reinforcement  from  the  surface 
under  tensile  stress, 

*  Schweizerische  Bauzeitung,  Nos,  6,  6  and  7,  1899. 
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S  the  static  moment  of  the  section  with  respect  to  the  compressive  surface, 
Iff  the  moment  of  inertia  of  the  section  with  respect  to  the  compressive  surface, 
u  the  distance  of  the  neutral  axis  of  the  piece  from  its  compressive  surface, 
/  the  moment  of  inertia  of  the  section  about  its  centre  of  gravity, 
F  the  total  tensile  stress,  we  have,  for  a  slab  or  rectangular  beam, 

•  (r=bd  +  lOo).  [1] 

8  =  db  X  4  +  10«  {d  ^fi)  =  ^  +  10a)(d  -iS).  [2] 

2  2 


Ij.=  (d  X  ^y-d+lOw{d-fi)  (i-/8)  =  ^  +  10«(rf-/8)«. 


[3] 


u  =  l  [4] 

/  = /r  —  (o- X  «*).  [5] 

c=— -.  [6] 


/ 

And  maximum  unit  tensile  stress  in  the  concrete  =t  = — - —     "'. 

/ 


[7] 
[8] 


For  a  7-beam  with  a  width  of  table  =£  and  a  depth  of  slab  =Z),  we  get — 

a-  =db  +  (5  —  ft)  D  +  10ft).  [9] 

8=^^  +  (B^b)-^  +  lOw{d-^^).  [10] 

/r  =  ^+(S-&)    3-+10a>(d-i8)«-  [11] 

u  =  —.  [12] 

<r 

I=Ij.  —  ((rxu^).  [13] 

C=-j'  [14] 

and  t  =  — ^— '-.  [16] 


F  =  ^Q^^{d-{u+m 


[16] 


The  total  stresses  foimd  by  [8]  and  [16]  are,  however,  not  the  true  ones  on 
the  reinforcement,  as  a  resistance  is  allowed  to  be  exerted  by  the  concrete  in  tension 
According  to  the  assumption  that  the  concrete  exerts  no  tensile  stress,  the  total 
tensile  stresses  must  be  taken  up  by  the  reinforcement,  so  that  the  neutral  axis 
retains  the  position  found  above. 

To  find  the  unit  stress  on  the  reinforcement  under  these  conditions.  Professor 
Ritter  proceeds  as  follows.  The  centre  of  pressure  of  the  concrete  in  compreesion 
lies  in  a  plane  at  a  distance  of  ^u  from  the  compressive  surface.    The  centre  of 
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action  of  the  tensile  stresses  in  the  reinforcement,  may,  without  appreciable  error, 
be  considered  as  the  centre  of  gravity  of  the  bars. 

We  therefore  get  the  equation  for  the  distance  between  the  centres  of  action  of 
the  compressive  and  tensile  stresses  as — 

h,  =  d^{iu  +  fi),  [17] 

and  consequently  the  true  total  stress  in  the  reinforcement  is  given  by  the  equation — 

^,  =  -^,  [18] 

F 
and  the  unit  stress  f=.-^^  [19] 

CD 

and  the  stress  c  in  the  concrete  may  be  checked  by  the  equation-^ 

-  cuh  =  F.,  otc  =  ^.  [20] 

When  the  dimensions  of  the  piece  are  not  known,  Professor  Ritter  proposes  the 
following  method  of  procedure.  The  neutral  axis  is  assumed  at  first  to  be  in  the 
centre  of  the  depth.  The  depth  of  the  piece  is  then  calculated  from  the  usual 
formula — 

M  =  A  cbd\ 

OTd^^/^A.  [21] 

V     cb 

If  6  is  taken  as  |d,  this  formula  becomes  for  different  values  of  c — 

Whence  400  450  600 

^45  V    50  V    56 

The  area  of  the  reinforcement  is  also  found  for  a  prehminary  trial  by  the  equation — 

The  value  of  jS  is  assumed  at  some  ratio  of  d, 

lilessrs.  Wayss  and  Fratag  use  the  value  /8  =  — ,  but  this  is  too  small  for  slabs, 

and  should  in  that  case  be  increased  to  B  =~ .     These  values  of  d  and  a>  are  inserted 

6 

in  the  above  formulae  as  first  trials. 

Professor  Ritter  believes  that  the  stress-strain  curve  in  compression  is  para- 
bolic, but  does  not  consider  the  difference  of  the  values  of  c  and  /  sufficient  to  make 
very  appreciable  difference.  He  also  admits  the  tensile  resistance  of  the  concrete^ 
but  does  not  consider  it  worth  while  to  take  account  of  it. 

A  particular  value  is  claimed  for  this  method  of  calculation,  in  that  the  stress 
on  the  concrete  in  tension  is  checked,  and,  in  consequence,  the  danger  of  assuming 
too  small  a  width  for  the  leg  of  a  T-beam  is  avoided. 
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M.  Considire's  Calculations. — ^Using  the  previous  symbols  and  adding  the 
following — 

t  =  maximum  tensile  stress  in  the  concrete  ; 

(dx)  distance  from  the  tensile  surface  to  neutral  axis ; 

(du)  distance  from  the  tensile  surface  to  the  centre  of  gravity  of  the  tensile 
reinforcement ; 

X  and  u  being  ratios. 

M.  ConsidSre's  formulae  take  the  following  form  for  a  single  reinforcementr- 
Equilibrium  is  attained  when 

bt  (dx)+fyl^db  —  d  (1  —  x)b^  =  0, 

—  being  the  mean  compression  in  the  concrete. 

We  may  write 

2  te  +  2/\|^  —  ( 1  —  a;)c  =  0 

The  coefficient  of  elasticity  is  considered  constant  through  both  tension  and 
compression ;  he  obtains,  therefore,  from  the  hjrpothesis  of  the  conservation  of 
plane  sections — 

/        l—x  rn 

c  =  ^  X .  [1] 

m      X  — u 

The  equation  of  equilibrium  therefore  becomes — 

2tx  +  2fylf-^-^—:^X-L  =  0^ 

(x  —  u)      m 

or  (2mf  — 1)  x^  +  2  (mtylr +t—nUu)  x —(2mylru +1)1  =  0.  [2] 

The  bending  moment  finally  is  expressed  by  the  equation — 

M  =  bdtx[~+hd-dx)']+dbfyl.U^^ 

..^rtx^  .2tx      2tx^  ,1  i  f  2      ,    2 \ "1 


-^V-^^'K-=^)] 


Jf =3  bd\ix{i:  —  a;)  +  2/  x/.  (a?  —  3  w  +  2)].  [3] 

6 

If  ^t  t,  u  and  m  are  known,  equation  [2]  gives  the  position  of  the  neutral  axis; 
equation  [1]  gives  the  ratio  of  -,  and  finally  equation  [3]  gives  the  moment  of  resist- 
ance of  the  piece. 

M.  Considere  assumes  the  value  of  w  as  — ,  from  which  the  equations  become 

12/        \^x 

m       I2x  —  l  ^^ 

12  (2  mt  —  l)x^  +  2  (12m/ x/.  +  12/  —m^)  a;  —  (2m>|.  +  12)  ^=0,  [5] 

bd^ 

and  JIf  r=       [2te(4— a;)+/\|.(4a?  +  7)].  [6] 
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The  values  of  t,  f  and  m  are  found  by  experimenting  on  the  chosen  materials, 

M 
and  from  these  the  values  of  c  and  -—  are  calculated  for  the  most  unfavourable 

case,  which  is  when  the  metal  has  reached  its  elastic  limit.     Next,  the  proportion 

of  the  metal  should  be  varied  by  giving  diflEerent  values  to  >|^,  and  for  every  case 

M 
the  equations  resolved,  giving  c,  x,  and  -     =  /x. 

M 
M.  Considere  has  calculated  the  values  of  c,  x  and  fi  =  --—  in  this  manner,  and 

has  tabulated  his  results.     These  are  given  in  Table  LXIX,  together  with  the 
comparative  costs  given  by  M.  Considere. 

TABLE   LXIX 


Ultimate  nslst- 

1 

if. 

!  js 

85  . 

Nature  of 

aooe  of  Concrete, 

5fe-s 

SmoS 

materials 

in  pounds  per 

s^e* 

«..s 

Blastic 
limit  of 
metal ; 
poands 

per 
square 

inch 

square  inch 

Propor- 
tion of 
area  of 
metal  to 

total 
area  of 

piece 

Batlo 
of 

» of  X,  or  the  ratio  of  i 

1  axis  from  surface  ui 

to  total  depth  of  the 

oximum  compressive 
on  the  concrete 
poands  per  square  1 

Unit 
moment 

ol  re- 
sistance 

inch 

pound; 

units 

Cost  of 
test 

piece  per 
cubic 
foot ; 

shUiingi 

Xletal 

Concrete; 
poands 
of  ce- 
ment to 
one  cubic 

Tension 

Com- 
pression 

yard  of 

is 

S 

||8 

gravel 

8 

1 

2 

1 

3 

4 

5 

0 
001 

7 

0 

r 

10 

11 
1-46 

12 

Iron 

505 

22,750 

170 

2,133 

7 

0-57 

1,621 

223 

664 

tt 

*> 

f» 

9» 

002 

C-5 

0-49 

2,033 

372 

1-90 

611 

99 

»» 

»» 

»» 

003 

6 

0-42 

2,064 

612 

2-35 

459 

9» 

1,347 

426 

5,119 

001 

10 

0-57 

2,744 

307 

1-90 

619 

9» 

9> 

»> 

tf 

003 

9 

0-46 

3,285 

593 

2-80 

472 

9* 

>» 

99 

99 

004 

8-7 

0-42 

3,754 

734 

3-25 

443 

Steel 

»» 

42,060 

»» 

99 

001 

10 

0-60 

3,214 

465 

1-95 

419 

99 

f» 

i» 

t» 

»9 

002 

8-5 

061 

4,451 

741 

2-44 

329 

M.  Considere  advises  the  mixture  of  concrete  in  the  proportions  of  505  pounds 
of  cement  to  1  cubic  yard  of  sand  and  shingle  (equivalent  to  300  kilos  of  cement 
per  cubic  metre  of  sand  and  shingle),  and  that  the  ratio  of  the  area  of  metal  to  the 
total  area  of  the  piece  should  not  exceed  0-0217  in  beams  subjected  to  only  steady 
loads,  and  0008  for  pieces  subjected  to  vibrations  of  moving  loads.  He  also  recom- 
mends the  use  of  wrought  iron  where  there  will  be  excessive  vibrations,  and  of 
steel  when  there  is  danger  of  reactions  due  to  the  building  in  a  monolithic  construc- 
tion. He  further  advises  the  use  of  steel  with  a  concrete  rich  in  cement  for  structures 
where  impermeability  is  required. 

M.  Considere  very  rightly  points  out  that  for  tests  of  a  structure  the  measur- 
ing of  the  deformatuma  should  be  substituted  for  the  usual  practice  of  measuring 
the  deflexions. 

It  is  very  difficult  to  determine  the  deflexion  which  a  piece  should  have  under  a 
stated  load,  whereas  the  deformations  can  he  readily  calculated  for  any  required  load. 

For  the  calculation  of  the  deformations  the  tensile  resistance  of  the  concrete 
must  be  taken  account  of,  and  therefore,  when  such  calculations  are  required, 
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we  may  in  every  case  use  M.  Considdre's  formulae  without  appreciable  error ;  the 
error  due  to  the  fact  that  the  stress-strain  curve  is  assumed  to  be  a  straight  line 
will  certainly  have  the  effect  of  making  the  calculated  deformations  more  than 
they  should  be,  but  not  in  a  dangerous  degree. 

M.  Considdre's  Calculations  for  the  Deformations  of  Pieces  with  Single 
Reinforcement — For  these  calculations  we  have — 

The  sum  of  the  tensions  =the  sum  of  the  compressions, 

or  to-'A(i  -a:)  +  x/^/=|(l  -a;).  [\y 

The  proportion  of  tension  in  the  reinforcements  to  the  compression  of  the 
extreme  fibres  of  concrete  is  equal  to  the  product  of  the  proportions  of  the  distances 
to  the  neutral  axis  by  the  proportion  of  the  coefficients  of  elasticity  of  the  two 
materials — 

or  i  =  i  lillf).  [2]» 

/       m  {x  —  u) 

The  moment  of  resistance  of  the  reinforced  piece  is  produced  by  the  tensions  of 
the  reinforcement  and  those  of  the  concrete  and  the  compressions  of  the  concrete— 


or 


M^bd^^^  -  ^(1  -X)*  +  ^f  (x-u)  +|(1  -«)«].  [3]' 


t  and  m  being  known  either  by  direct  experiment  or  from  former  results. 
The  value  of  /  from  [2]  is  substituted  in  [1] — 

giving  to  —  ^  (1  —  x)  +  m >|^ c^^-^ j  =-|(l  —  x).  [4]* 

Now  by  choosing  arbitrary  values  for  c  the  curve  of  deformation  for  the  tjrpical 
concrete  will  give  the  value  for  E^,  and  therefore  for  m ;  corresponding  to  this  pres- 
sure, or  m  may  also  be  given  a  value  (say  16).  Then,  by  substituting  the  values 
for  c,  t,  m  and  u  (which  is  known)  in  equation  [4]  the  value  of  x  is  found,  and  by 
substituting  the  values  of  c,  t,  m,  x  and  u  in  equations  [1]  and  [3]  /  and  M  are  found. 

By  giving  different  values  to  c  within  the  possible  limits  corresponding  groups 
of  the  values  of  c,  /  and  M  are  obtained,  each  of  which  will  satisfy  the  equations  and 
will  characterize  one  of  the  possible  states  of  equilibrium  of  the  beam. 

Now  the  lengthening  e^  of  the  metal  =  ^  and  the  shortening  e^  of  the  con- 

Crete  fibres  under  the  greatest  compression  =  — -. 

The  coefficient  of  elasticity  of  the  reinforcement  is  known.  That  for  the  con- 
crete is  equal  to  that  of  the  iron  divided  by  the  value  of  m  corresponding  to  that 
found  or  used  for  introduction  into  equation  [4]. 

In  order  that  the  results  thus  obtained  may  be  applied  to  any  prism  having  the 

same  ratio  of  reinforcement  y\r,  whatever  the  values  of  d  and  b  may  be,  it  is  sufficient 

M 
to  consider  the  unit  moment  )ui=-  -. 

*  When  the  area  of  the  concrete  is  measured  in  square  centimetres  and  the  area  of  the  tein- 
foreement  in  square  millimetres,  the  expressions  ^/  and  — j '-  m\ist  be  multiplied  by  100. 
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The  groups  of  fi,  e^  and  e^  can  be  tabulated,  each  of  which  will  be  realized 
when  the  test  load  causes  the  absolute  moment  M  and  the  moment  /a,  referred 
to  a  square  section  of  a  unit  side. 

These  formulae  are  only  used  when  the  limit  of  elasticity  in  the  extreme  ten- 
sional  fibres  of  the  concrete  has  been  passed.  For  smaller  loads  the  coefficient 
of  elasticity  retains  its  normal  value  and  the  deformations  must  be  calculated 
by  the  ordinary  formulae,  taking  into  account,  for  the  calculation  of  the  moments 
of  inertia,  the  difference  of  the  respective  coefficients  of  elasticity  of  the  reinforce- 
ment and  the  concrete. 

M.  Considere  found  that  the  difference  between  the  actual  measurements 
of  the  deformations  and  the  calculated  deformations  by  the  use  of  equations  [1] 
to  [4],  was  5  per  cent,  both  for  the  concrete  and  reinforcement. 

M.  Considdre's  Method  for  the  Treatment  of  Deformation  of  Pieces  with 
a  Double  Reinforcement. — If  we  consider  the  section  of  a  prism  subjected  to 
a  unit  moment  ^u,  the  neutral  axis  wiU  have  a  position  which  is  determined  by  the 
equations  [1]  to  [4].  Adding  to  this  prism  a  supplementary  section  8t  of  tensile 
reinforcement,  and  another  S^  of  compressive  reinforcement,  and  if ,  as  in  the  pre- 
vious calculations,  we  take  (u — a)  and  (h — u)  as  the  distances  of  the  compressive  and 
tensile  reinforcements  from  the  neutral  axis.  The  resisting  stresses  caused  by 
these  reinforcements  will  be  equal  if  the  sections  of  the  respective  reinforcements 
satisfy  the  equation  iS^  (A — u)  z=iS^{u — a).  The  equihbrium  will  not  be  disturbed 
if,  at  the  same  time  that  the  additional  reinforcements  are  added,  the  moment 
of  the  external  forces  is  increased  by  a  quantity  equal  to  the  resisting  moment 
which  gives  the  tensile  stress  of  S^  and  the  compressive  stress  of  S^,, 

Now,  as  the  supplementary  bottom  reinforcement  is  at  the  same  distance  from 
the  neutral  axis  as  the  single  reinforcement,  it  will  undergo  the  same  elongation, 
and  consequently  have  the  same  unit  tension  /  given  by  the  formulae  [1]  to  [4], 
The  supplementary  resisting  moment  is  therefore 

8J{{u—a)  +  {h—u).  [5] 

So  nothing  is  altered  in  the  unit  stresses  and  in  the  deformations  of  a  piece  with 
single  reinforcement,  if  a  double  reinforcement  be  added  to  it,  the  sections  of  which 

are  in  the  ratio  of -,  and  if  the  bending  moment  is  at  the  same  time  increased 

{u  —  a) 

by  SJ  {{U'-a)  +  {h—u)}. 

Professor  Talbof  s  Proposed  Method  of  Calculation.^ — 

The  following  additional  symbols  are  used — 
c^  =  compressive  stress  per  unit  of  area  which  causes  failure  by  crushing. 
\  =  deformation  per  unit  of  length  in  the  metal  reinforcement. 
X^  =  deformation 'per  unit  of  length  in  most  remote  fibre  of  the  concrete. 
X\=  deformation  per  unit  of  length  when  crushing  failure  occurs  ;    i.e.,  ultimate 
or  crushing  deformation. 

n  =    ^  =  ratio  of  deformation  existing  in  most   remotest  fibre  to  ultimate  or 

crushing  deformation. 

*  The  method  adopted  by  Prof.  Talbot  is  given  almost  verbatim,  with  an  alteration  of 
symbols  to  those  adopted  by  the  authors. 
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k  :=  ratio  of  distance  between  compression  face  and  neutral  axis  to  distance  k 
z  =  distance  from  compression  face  to  centre  of  gravity  of  compressive  stresses. 
2X  =  summation  of  horizontal  compressive  stresses. 

Relation  between  Stress  and  Deformation  for  Concrete  in  Con^)ressioa 
— ^Fig.  388  shows  a  typical  stress-deformation  curve  for  an  average  concrete. 
The  abscissae  represent  compressive  stresses  or  loads  in  pounds  per  square  inch. 
The  ordinates  represent  deformations  per  imit  of  length  or,  what  is  the  same 
thing,  shortenings  in  inches  per  inch  of  length.  The  crushing  strength  of  the 
concrete  is  represented  as  2,000  pounds  per  square  inch,  and  the  ultimate  unit 
deformation  as  0002. 
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Stress-Deformation  Curve  for  average  Concrete  in  Compression. 
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The  relation  between  proportionate  stress  or  ratio  of  stress  developed  to  ulti- 
mate compressive  strength  of  the  concrete  \  —  \  and  proportionate  deformation  or 
ratio  of  deformation  developed  at  the  given  stress  to  ultimate  or  crushing  deforma- 
tion I  -^^^  ^g  .,  which  forms  the  basis  of  this  analysis,  is  also  shown  by  the  figure. 

Modulus  of  elasticity  is  a  term  which  has  been  used  very  loosely  in  connexion 
with  reinforced  concrete.  In  the  general  theory  of  flexure  it  is  defined  to  be  the 
ratio  of  the  unit  stress  to  the  unit  deformation  within  the  elastic  limit  of  the  material. 
As  applied  in  this  way  to  materials  having  the  property  of  proportionality  of  stress 
and  deformation  the  modulus  of  elasticity  is  a  constant.  For  materials  with  a 
variable  stress-deformation  relation  like  concrete  it  may  not  be  considered  prep  r 
to  call  the  variable  ratio  the  modulus  of  elasticity,  and  such  a  use  in  connexicn 
with  formulae  for  flexure  of  concrete  may  lead  to  misunderstandings.  However, 
it  is  important  that  a  definite  expression  for  this  ratio  be  found.  The  writer  ob- 
tains this  relation  from  the  initial  modulus  of  elasticity  and  uses  the  term  *'  initial 
modulus  of  elasticity  "  to  express  the  relation  which  would  exist  between  stress 
and  deformation  if  the  concrete  compressed  uniformly  at  the  rate  it  compreases 
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for  the  lower  stresses.  The  tangent  of  the  angle  which  the  line  AC  in  Fig.  388 
makes  with  the  vertical  gives  this  initial  modulus  of  elasticity  E^.  The  line  is 
tangent  to  the  parabola  at  A,  and  its  equation  is  a:  =  ^^  y.  By  means  of  this 
initial  modulus  of  elasticity  the  parabolic  stress-deformation  relation  may,  from 
the  properties  of  the  parabola,  be  expressed  as 

c=E^o-Y  ~E,\^  =  (^L-^qy,\„  [1] 

in  which  q  is  the  ratio  of  the  deformation  developed  to  the  ultimate  or  crushing 
deformation  of  the  concrete.     From  this  the  following  equation  is  also  true — 

These  relations  are  fundamental.  The  values  of  E^,  c,  and  X^  must  be  obtained 
experimentally.  The  line  for  E^,  should  be  taken  as  the  line  which  will  give  a 
relation  which  will  best  fit  throughout  the  range  used  in  the  test  of  beams,  andX'^ 
should  be  taken  as  the  abscissa  of  the  vertex  of  the  parabola  which  fits  best  and 
not  necessarily  as  the  actual  crushing  deformation  of  the  concrete.  It  is  the  general 
relation  which  is  important,  and  not  the  values  at  the  point  of  failure.  Many 
stress-deformation  diagrams  have  been  gone  over  in  this  way,  and  this  representa- 
tion has  been  found  quite  satisfactory.  It  may  be  noted  from  Fig.  388  that  while 
2,000  pounds  per  square  inch  will  give  a  deformation  of  0002,  it  will  take  1,500 
pounds  per  square  inch  to  produce  one-half  of  that  deformation.  For  small  stresses 
the  stress-deformation  curve  does  not  differ  much  from  the  line  of  initial  modulus 
of  elasticity. 

Distribution  of  Stresses  in  BeanL — Let  Fig.  389  show  the  section  of  the  beam. 
kh  is  the  distance  of  the  neutral  axis  below  the  top  of  the  beam, 
k  being  a  ratio.  In  Fig.  390,  the  left  diagram  represents  the  defor- 
mations above  and  below  the  neutral  axis.  Consider  that  the 
upper  fibre  is  stressed  to  the  point  of  failure  ;  the  upper  defor- 
mation will  then  be  the  ultimate  or  crushing  deformation.  Since 
the  deformations  are  proportional  to  the  distances  from  the 
neutral  axis,  the  curve  of  compressive  stresses  shown  on  the 
right  will  be  a  parabola  with  its  vertex  at  0.     The   horizontal  j^ig.  38& 

distances  to  the  "  line  for  initial  modulus  of  elasticity  "  represent 
the  stresses  which  would  exist  for  the  same  deformation  with  a  constant  modulus 
of  elasticity  equal  to  E^,     The  stress  in  the  steel  is  represented  by  a  length  propor- 
tional to  the  ratio  of  the  modulus  of  elasticity  of  the  steel  to  the  initial  modulus 

w  :^    M .     In  like  manner,  Fig.  391  gives  the  stress 

and  deformation  distribution  for  a  deformation  of  the  upper  fibre  equal  to  three- 
fourths  of  the  ultimate  deformation  of  the  concrete  and  a  stress  of  the  ultimate 
de'ormation  of  the  concrete  and  a  stress  of  fifteen-sixteenths  of  the  crushing  stress. 
Fig,  392  shows  a  similar  distribution  for  one-half  ultimate  deformation  and  three- 
fourths  crushing  stress.  It  will  be  noted  that  the  parabolic  arc  appears  some- 
what different  from  that  in  Fig.  390,  and  that  it  differs  much  less  from  the  line 
for  initial  modulus  of  rupture. 

Relations  in  the  Stress  Diagram. — In  deriving  formulae  for  resisting  moment, 
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position  of  neutral  axis,  and  compressive  stress  at  upper  fibre,  three  relations  In 
the  stress  dia^am  are  needed :  (1)  the  relation  of  the  stress  c  and  the  defonnfr- 
tion  \,  at  the  upper  fibre  ;  (2)  the  total  compressive  stress,  here  called  2X  ;  and  (3) 
the  position  of  the  centre  of  gravity  of  the  compressive  stresses  given  by  the  db- 
tance  z.    These  relations  vary  for  different  values  of  the  deformation  in  uppw 


Ca^tr<mAesi 


Stress-Deformation.     Distribution  at  Ultimate  Defonnation 
Pio.  :i90 

fibre.    Basing  the  variation  on  the  parabolic  stress  deformation  law  previously 

stated  in  equations  [1]  and  [2],  and  using  ?  =— ^  as  the  ratio  of  the  deformatioD 

developed  in  the  upper  fibre  to  the  ultimate  deformation  of  the  concrete,  the  follow- 
ing relations  are  readily  deduced,  though  their  derivation  will  not  be  given  here. 
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Btress  and  Defonnation  at  Three-fourths  Ultimate  Deformation 
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2X      Parabolic  area 

iE^Jcbh      Triangular  area 
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g   _    4— gr    _  1 

kh        12  —  4y       3\         4;5 — g 


\         4  3—0/ 


[5] 


Equation  [3]  gives  the  ratio  of  the  compressive  stress  in  the  upper  fibre  to 
the  stress  which  would  exist  for  the  same  upper  deformation  with  a  straight-line 


TknsiU  stt9t 


StreeB  and  Deformation  at  one-half  Ultimate  Deformation 

Fio.  392 


stress-deformation  relation.  Equation  [4]  gives  the  ratio  of  the  summation  of 
compreBsive  stresses  to  the  stress  which  would  exist  for  the  same  upper  deforma- 
tion with  a  straight-line  stress-deformation  relation.  Equation  [5]  gives  the 
ratio  of  the  distance  between  the  compression  surface  and  the  centre  of  gravity 
of  compressive  stresses  to  the  distance  between  that  surface  and  the  neutral  axis. 
Values  for  several  ratios  of  upper  to  ultimate  deformation  are  given  in  the 
following  table — 

TABLE  LXX 
Pbopebties  of  the  Stress  Diagram 


Property. 

At  ultimate 
deformation. 

At  1  ultimate 
deformation. 

At  1  ultimate 
deformation. 

9-* 

At  1  ultimate 
deformation. 
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iE.\ 
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iE^Mh 

E,\JM 
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i^Vh 

ija 
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Fig-  393  shows  graphically  the  relations  given  by  equations  [3],  [4]  and  [6].  It 
win  be  seen  that  the  centre  of  gravity  of  the  compressive  stresses  ranges  from  f 
distance  down  to  neutral  axis  (the  value  for  a  deformation  equal  to  the  ultimate 

deformation)  to  4  distance  down  to  neutral  axis  at  the  lower  limit      ratio —  | 

L  kdj' 

The  position  for  g  =  |  is  ^f  equal  to  0*36.     The  position  f or  g  =  J  is  0*341 . 
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The  other  ratios  are  less  near  constant.     The  ratio  for  compressive   stress   at 
most   remote    fibre   to  that  for  direct    proportionality  with   same  deformatiou 

(-—  — )   ranges  from  i  when  ultimate  deformation  of  concrete  is  developed  to 

1*0  for  no  deformation.  The  range  for  summation  of  compressive  stress  is  from 
f  to  1*0.  It  should  be  remembered  that  these  formulae  are  not  applicable 
when  tensile  stresses  of  concrete  need  consideration. 


/^ 


^ 


^ 


Variations  of  Functions  with  g 
Fio.  393 

Neutral  Axis. — The  foregoing  relations  and  the  analytical  condition  that 
the  total  horizontal  compressive  stresses  and  the  total  horizontal  tensile  stress 
are  equal  will,  if  tensile  stresses  in  the  concrete  be  neglected,  readily  enable  the 
position  of  the  neutral  axis  to  be  determined  for  rectangular  beams.  From  the 
proportionality  of  deformation  (Figs.  390,  391  and  392), 


1-Jfc 


Equating  horizontal  stresses, 

Dividing  7  by  6  and  substituting  f  =E^  \, 

wE,(\-k)  =  \(\  =  lq)EJc^hh 
Calling  —~  =  m  and  — -  =  \f^ 


E. 


Solving 


bd 


=v^ 


[6] 


[7] 


[8] 


This  gives  the  position  of  the  neutral  axis  after  tensile  stresses  in  the  oonciete 
have  become  negUgible  and  before  the  concrete  reaches  its  ultimate  strength.     The 
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value  of  h  will  vary  slightly  for  the  range  of  q  usually  considered,  probably  not  more 
than  002. 

The  value  ot  k  tor  q  =  i  gives  results  which  are  representative  for  the  range 
considered  and  will  be  used  in  the  discussion.     For  q  =  i,  equation  [8]  becomes 


121 


11 


[9] 


This  equation  gives  the  position  of  the  neutral  axis  for  deformations  which 
correspond  closely  with  those  developed  under  working  stresses. 
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Fig.  394  gives  the  position  of  the  neutral  axis  based  upon  equation  [9]  {q  =  J) 
for  m  =  10,  12,  16,  and  20.  Calling  the  modulus  of  elasticity  of  steel,  30,000,000 
pounds  per  square  inch,  these  ratios  correspond  to  initial  moduli  of  elasticity  of 
concrete  of  3,000,000,  2,500,000,  2,000,000  and  1,500,000  pounds  per  square  inch, 
respectively. 
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Resisting  Moment. — ^When  the  tensile  stresses  in  the  concrete  are  n^Iected 
and  the  centre  of  gravity  of  the  compressive  stresses  is  known  the  value  of  the 
resisting  moment  of  the  beam  (which  it  is  readily  seen  is  the  moment  of  the  couple 
formed  by  the  tensile  stress  in  the  steel  and  the  resultant  of  the  compressive  stresses 
in  the  concrete)  is  easily  expressed  as  the  product  of  the  tensile  stress  in  the  steel 
•and  the  distance  from  the  centre  of  the  steel  to  the  centre  of  the  gravity  of  the 
compressive  stresses.  Hence  the  formula  for  the  resisting  moment  for  a  rectangular 
beam  is 

M=<of  (A— 2).  [10] 

It  was  shown  that  z  varies  slightly  for  different  compressive  stresses. 

The  value  of  Zy  when  the  concrete  at  the  remote  fibre  is  stressed  three-fourths 
of  its  ultimate  deformation  {q  =  |)  is  approximately  0*36A^  ;  for  q  =  i,  0-35ih{; 
and  for  j  =  i,  0-34fei. 

When  the  E^  of  the  concrete  is  known  and  the  amount  of  reinforcement  is 
fixed,  equation  [10]  will  take  the  form 

M  z=A  f  h\  [11] 

Habere  h!  is  the  moment  arm  of  the  couple  and  may  be  expressed  as  a  proportionate 
part  of  A.  Thus  for  g  =  i,  with  E^  =  2,000,000  pounds  per  square  inch  (m  =  15) 
and  1  per  cent,  reinforcement  {^  =  0-01),  h'  =  0-853A.  For  1-6  per  cent,  rein- 
forcement (x|<  =  «016),  A'=0-831A.  The  values  of  the  resisting  moment  for  these 
reinforcements  become  0-863  A  f  h  and  0-831  A  f  h  respectively. 

This  method  offers  the  most  convenient  way  of  calculating  the  resisting  moment 
430  far  as  it  is  controlled  by  the  tension  of  the  steel  within  its  elastic  limit.  The 
position  of  the  neutral  axis  may  well  be  taken  from  a  diagram  like  Fig.  394,  and 
the  value  of  h'  is  then  easily  obtained. 

Generally  it  will  be  best  to  use  the  resisting  moment  in  terms  of  the  tension 
in  the  steel,  but  if  it  is  desired  to  express  it  in  terms  of  the  compression  in  the 
-concrete  the  following  equation  may  be  used — 


M  =  f- i*i  JcJk6A(A— 2). 

U— iff) 


[12] 


At  least  an  approximate  value  of  q  will  be  known  which  may  be  used  in  equa- 

c 
tion  [12].     The  fractional  coefficient  is  the  reciprocal  of  the  function  2pf  given  in 
Fig.  393.  X 

Compressive  Stress  at  Upper  Fibre. — The  formulae  for  the  position  of  the 
neutral  axis  and  moment  of  resistance  are  based  upon  the  assumption  that  the 
•compressive  stress  in  the  upper  fibre  is  within  the  crushing  strength.    To  determine 
the  value  of  the  upper  compressive  stress  substitute  equation  [3]  in  equation  [7]. 
This  reduces  to 

2a,/.   l^iq^2yi.f.   1  -  jg 

ifcfeA  1  -  ij         k      1  -  ij*  •■    ^ 

For  a  deformation  of  upper  fibre  equal  to  three-fourths  of  deformation  at 

<5rushing  (^^^=^t7.j>  *'^  becomes  c= ^.    For  an  upper  deformation  equal 

to  one-half  of  ultimate  deformation  this  becomes  c=—  — ^' .  For  the  crushing  point 
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of  the  concrete  it  becomes  c  = ^  .    As  the  upper  deformation  increases,  the 

4     k 

yalue  of  c  approaches  -^,  which  is  the  amount  of  the  stress  for  a  constant  modu- 


lus of  elasticity  equal  to  the  initial  modulus  of  elasticity.     By  Multiplying 


Hf 


the  stress  found  on  the  basis  of  a  constant  modulus  of  elasticity  and  a  known  posi- 

tion  of  the  neutral  axis,  by  this  ratio ??  the  value  of  the  compression  stress  is 

1      i9 
found.     The  variation  in  this  ratio  may  be  seen  in  the  upper  line  in  Fig.   393,  or 

the  lower  line  of  Table  LXX. 

Value  of  Initial  Modulus  of  Elasticity. — ^The  determination  of  the  value 
of  the  initial  modulus  of  elasticity  is  a  matter  for  experimental  investigation.  In 
getting  the  initial  modulus  of  elasticity  from  stress-deformation  diagrams,  points 
early  in  the  curve  rather  than  at  the  crushing  point  should  control,  since  the  action 
at  and  near  the  crushing  point  may  be  quite  variable.  The  exact  basis  for  such  a 
determination  will  need  study  and  discussion.  It  is  to  be  expected  that  diflFerent 
mixtures  of  concrete,  diflFerent  degrees  of  porosity,  and  different  degrees  of  drynesi* 
of  the  concrete  will  give  diflEerent  values.  Preliminary  calculations  for  the  1:3:6- 
concrete  used  in  reinforced  concrete  beams,  plain  concrete  beams,  and  compressive 
test  pieces  of  the  investigation  herein  described  give  values  ranging  from  1,800,000 
to  2,500,000,  with  a  mean  of  2,000,000.    This  makes  the  ratio  m  from  12  to  17. 

Other  Forms  of  Section. — The  analysis  may  be  modified  to  apply  to 
T-shapes  and  other  forms  of  section.  For  the  T-shape  when  the  top  width  extends 
down  to  the  neutral  axis  the  full  top  width  may  be  used  for  6  in  the  formulae  just 
given.  For  other  conditions  further  modifications  will  be  necessary  to  determine 
the  position  of  the  neutral  axis  and  the  centre  of  gravity  of  compressive  stresses. 

Mr.   Geo.   H.   Blakeley  has  based  a  method  of  calculation,  given  very  fully 

u 
with  diagrams  of  the  values  of  —  and  /x  in  the  Engineering  Record,  May  27  and 

h 
June  3,  1906,  on  Prof.  Talbot's  deductions.  Mr.  Blakeley  gives  diagrams  for 
medium  and  hard  steel  and  for  various  kinds  of  concrete.  With  medium  steel 
with  a  safe  resistance  of  15,000  pounds  per  square  inch  and  concrete  with  a  safe 
resistance  of  500  pounds  per  square  inch  he  obtains  the  values  for  /x  given  in  Table 
LXXI,  the  values  obtained  by  the  authors'  formulae  being  also  given  for  comparison. 

TABLE  LXXI 


^ 

Blakeley  fi 

Authors'  fi. 

0005 

6000 

7407 

001 

77-50 

89-93 

0015 

S8-00 

101-14 

002 

96-50 

109-25 

0025 

103-50 

11480 

003 

108-00 

12000 

Straight  Line  Formulae. — ^Professor  Hatt  and  Mr.  T.  L.  Condron  have  sug- 
gested straight  line  formulae  for  the  calculation  of  the  unit  bending  moment  /a  =: 
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O  0-5  10  IS 


OS  t-c  IS  ao  iS 


Fig.  395 


At  Failuri. 
{S\  Prof.  Hatt's  Teste  1:2:4  stone,  and  1 : 6  gravel  concrete, 

age  90  days. 
*    Prof.  Marburg's  Teste  1:2:4  concrete,  age  30  days. 


At  Fikst  Crack. 
0  Prof.  Btarburg's  Teste  1:2:4  concrete,  age  30  days. 
+  Prof.  Lanza's  Tests  1:2:4  concrete,  age  33  to  57  day*. 
X   Prof.  Talbot's  Teste  1 :  3  :  «  concrete,  age  00  day*. 
•     Prof.  Turneaure's  Teste  1:2:4:  concrete,  age  SO  to  90  day* 
n  Boston  Transit  Ck>mmis8ion  Teste. 

Prof.  Hatt's  Teste  1:2:4  stone,  and  1 1  5  gravel  ooncffi't 
age  00  days. 

J^oe«.— The  nombeis  against  the  several  values  obtained  from  the  Teste  show  the  number  of  tetts  of  which  an  awsit 
has  been  taken. 
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— -  for  beams  with  reinforced  plain  bars  with  an  elastic  limit  ranging  from  32,000 

to  45,000  pounds  per  square  inch.      These  formulae  are  shown  on  the  diagrams 

Fig.  395,  together  with  the  curve  given  in  the  authors'  formula  for  safe  stresses 

and  points  obtained  from  the  results  of  tests  made  by  various  authorities. 

M 
Mr.  Johnson  has  also  adopted  a  straight  line  formula  of  —  =  55  +  450(\p'  x  100) 

adapted  to  his  corrugated  bars  which  have  an  elastic  limit  of  55,000  to  60,000 
pounds  per  square  inch.  It  will  be  noticed  that  the  curve  given  by  the  authors' 
formula  for  safe  stresses  is  very  nearly  paraUel  to  Professor  Hatt's  straight  line  for 
the  first  crack  up  to  0-55  per  cent,  of  reinforcement,  the  authors'  formula  then 
gives  a  sharp  curve  and  recedes  further  and  further  from  Professor  Hatt's  straight 
line. 

The  diflference  is  due  to  the  assumption  of  a  difiFerent  factor  of  safety  for  the 
concrete  to  that  for  the  steel. 

A  concrete  beam  reinforced  with  ordinary  plain  bars  fails  when  the  elastic 
limit  of  the  steel  is  exceeded.  The  authors'  formula  assumes  a  factor  of  safety 
for  the  steel  of  about  2  on  the  elastic  limit,  whereas  the  factor  of  safety  for  the 
concrete  is  about  4.  If  the  same  factor  of  safety  of  2  were  assumed  for  both 
materials,  the  straight  line  portion  of  the  curve  given  by  the  authors'  formula 
would  extend  considerably  further  and  the  curved  portion  would  have  a  steeper 
inclination. 

In  practice  we  cannot  assume  so  small  a  factor  of  safety  for  concrete  as  we 
can  for  steel,  and  consequently  when  maldng  calculations  for  safe  stresses  the 
formulae  employed  must  give  a  curve  very  similar  to  that  shown  at  the  bottom  of 
the  diagram.  If  higher  values  are  allowed  for  the  safe  resistance  of  the  steel,  the 
inclination  of  the  straight  line  portion  will  be  steeper,  and  consequently  the  curved 
portion  will  commence  at  a  less  percentage  of  reinforcement.  It  follows  then,  that 
when  a  high  elastic  limit  steel  is  employed,  if  we  wish  to  obtain  full  advantage  from 
its  use,  we  must  also  employ  a  stronger  concrete. 

PIPES,  CIRCULAR  RESERVOIRS  AND  SIMILAR  STRUCTURES 

When  Under  Internal  Pressure. — ^The  direct  tension  on  a  unit  length  of 
the  shell  of  a  pipe  or  elevated  circular  reservoir  or  silo  is  given  by  the  usual  formulae — 

T  =  ipS,  [1] 

;  where  S  is  the  internal  diameter,  and  p  the  imit  pressure.     If  p  is  in  pounds  per 
square  inch — 

p  =  0'UH^ 

H^  being  the  head  of  water  in  feet. 

For  a  reservoir  or  water  pipe,  therefore — 

T  =  0'mH^S,  [2] 

T  being  in  pounds  on  a  circumferential  strip  one  inch  wide,  H^  the  head  in  feet, 
.4bnd  S  the  internal  diameter  in  inches. 

As  the  resistance  of  the  concrete  is  neglected  in  tension  we  must  have — 

T=fi^,  [3] 
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/  being  the  allowed  unit  stress  in  the  reinforcement,  and  co  the  sectional  area  of 
metal  in  the  hooping  reinforcement  for  the  length  of  the  structure  taken. 

If  we  take  a  circumferential  strip  with  a  width  of  (l)  inches,  all  unite  being  in 
inches  and  pounds,  we  get  therefore  from  [1]  and  [3] — 


CO 


and  from  [2]  and  [3] — 


w 


w 


CO 


0H5H„Sl 


f 


[5] 


from  which  we  find  the  total  sectional  area  of  the  hooping  reinforcement  for  the 
length  under  consideration,  which  must  be  divided  up  into  a  suitable  number  of 
hoops  or  spirals. 

For  calculating  the  sectional  area  of  the  longitudinal  bars,  the  portion  of  the 
shell  between  two  adjacent  hooping  bars  must  be  considered,  this  portion  being 
treated  as  a  slab  built  in  at  the  ends,  and  of  a  span  equal  to  the  distance  (L) 
between  the  hooping  bars.  For  practical  purposes  the  slab  may  be  considered  as 
flat  between  the  two  adjacent  longitudinals. 

As  the  shell  and  the  longitudinals  are  continuous,  we  may  consider  the  slab 
as  securely  fixed  at  the  ends,  and  therefore  the  bending  moments  will  be — 


^  12 


[61 


and 


Mr.  =  —  wL^, 
^       24 


V] 


At  the  hooping  bars  the  concrete  is  in  compression  at  the  exterior  of  the  shell,  and 
the  interior  is  in  tension,  while  the  reverse  is  the  case  at  the  centre  of  the  span 
between  the  two  hooping  bars. 

The  longitudinal  bars  bear  against  the  inside  of  the  hoopings  ;    it  is  there- 
fore necessary  to  know  the  distances  t,  and  tf^  (Fig.  396),  or  the  axes  of  the  longi- 
tudinals from  the  siutfaces  of  the  supposed  slab. 
This  will  give  the  position  of  the  hooping  rein- 
forcement in  the  thickness  of  the  shell.    We  also 
require  the  sectional  area  of  the  longitudinals. 
The  thickness  (t)  of  the  shell  is  always  de- 
cided upon  from  prax^tical  considerations,  and  in 
a   great    measure  follows  that  which  has  been 
found  good   in   practical    examples    (vide  page 
202). 
If  we  suppose  the  width  under  consideration  (6)  to  be  four  inches  since  the 
shell  is  curved,^  we  already  know  the  span  L  and  the  load  w  (being  the  pressure 
on  the  strip  four  inches    wide).      We    can   consequently  assess  value   for  M^ 
and  Mfj  in  equations  [6]  and  [7].     Further,  we  have — 


^~T 

•^^ 


B 


A.         'JL 


Fw.  396 


t„  =  {t-t,). 


[8] 


*  Where  the  structure  is  of  large  diameter  the  value  of  h  may  be  increased  to  12  inches, 
the  load  w  and  the  values  for  equations  [9  and  10]  being  altered  accordingly. 
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Now  at  the  supports  M^  =  —  wL*,  and  since  6  :=  4 

1.  ^ 


M.      wL* 


Similarly  at  the  centre  of  the  span 


b  6 

If  CO  is  the  area  of  the  longitudinals — 


^c_  tvL*  ^j^j 


CO  ,      •  (0 


Consequently  \|r,  btf  =  \|^//  6^//,  or  >!/•/  ^,  =^n  tf,, 
and  from  equation  [8] — 

^/'z  ^/ =  ^// (^-M.  [11] 

We  must  now  find  values  of  t,,  yfr,  and  y\fff  from  the  diagram,  Fig.  397,  using  the 

M 
values  of  -z-  from  equations  [9]  and  [10],  so  as  to  satisfy  equation  [11]. 

0 

It  is  well  to  try  the  economic  percentage  for  tj  and  y\ff  as  a,  first  trial. 
Having  found  >//•,  and  t, — 

co='f ,  6^,.  [12] 

If  we  wish  to  place  the  bars  more  than  4  inches  apart  we  can  multiply  co  by 
the  proposed  distance  apart  in  inches  divided  by  4.  Having  decided  on  the 
size  of  the  longitudinals,  the  value  of  tf  or  t,f  will  give  the  position  of  the  hooping 
reinforcement  with  thickness  of  the  shell. 

For  thin  pieces  such  as  pipe  shells,  the  hooping  bars  may  be  placed  at  the  centre 

of  the  thickness  and  the  areas  of  the  longitudinals  calculated  under  the  worst 

conditions  obtaining,  which  may  be  either  at  the  support  or  at  the  centre  of  the  span. 

M 
In  this  case  we  have  -r-  from  equations  [9]  and  [10],  and  also  the  values  of  tf  and  iff. 

From  Fig.  397  we  obtain  the  values  of  v//^,  and  >!/-//,  from  which  the  values  of  a 
can  be  found  under  each  condition.     The  greatest  value  so  found  must  be  used. 

In  the  case  of  a  pipe  which  has  to  bear  transport,  and  handUng  while  being 
deposited  in  the  trench,  it  is  well  to  somewhat  increase  the  sizes  of  bars  found 
by  calculation,  for  the  same  reason  that  we  always  increase  the  theoretical  thick- 
ness of  a  cast-iron  pipe.  This  provision  is,  however,  of  less  relative  importance  in 
the  case  of  a  reinforced  concrete  pipe,  on  account  of  the  thickness  of  shell  and 
nature  of  the  reinforcement. 

Many  of  the  practical  constructors  only  calculate  for  the  hooping  reinforce- 
ment and  select  a  size  for  the  longitudinals  from  practical  experience  without  any 
calculation.  If  this  course  is  adopted  the  hoopings  should  be  placed  at  the  centre 
of  the  thickness  of  the  shell. 

The  hooping  bars  may  be  spirally  wound  or  in  the  form  of  hoops,  there  being 
no  theoretical  advantage  in  the  employment  of  either  form,  but  there  is  a  practical 
advantage  in  a  spiral  reinforcement,  since  there  are  fewer  joints,  and  such  a 
form  is  usually  employed  for  small  sections.    Where  the  reinforcing  skeleton  is 
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built  up  of  rolled  I,L,  T  or  cross  sections,  and  the  concrete  is  poured  into  the  moulds, 
the  spiral  form  of  hooping  reinforcement  allows  the  air  to  escape  more  easily 
and  it  is  less  likely  to  become  imprisoned  in  the  re-enterant  angles ;  the  concrete 
consequently  surrounds  the  reinforcement  more  perfectly. 

The  longitudinals  should  be  always  secured  to  the  circular  reinforcement,  as 
this  helps  to  keep  the  latter  in  position.  Where  large  pipes  are  used,  and  a  double 
reinforcement  is  adopted,  each  set  of  longitudinals  must  of  course  be  placed  inside 
the  hooping  reinforcement  to  which  it  is  attached. 

The  above  method  of  treatment  applies  to  pipes,  circular  reservoirs  or  tanks, 
silos,  and  similar  structures,  the  only  difference  being  that  the  pressure  in  pipes 
is  uniform,  while  that  in  reservoirs,  silos,  etc.,  varies  with  the  height.  In  the  latter 
cases  it  is  usual  to  consider  the  pressure  as  uniform  over  heights  of  12  to  18  inches 
(on  the  Continent  they  usually  take  heights  of  40  or  60  centimetres),  and  vary  the 
sections  as  the  depth  decreases. 

When  under  External  Pressure. — ^In  this  case,  as  the  piece  is  in  compres- 
sion, we  may  allow  for  the  resistance  of  the  concrete. 

As  before,  we  have  the  general  formula — 

P  =  ipS,  [13] 

S  being  the  external  diameter  in  this  instance,  P  being  the  direct  compressive  stress 
on  the  shell.  The  method  of  treatment  is  the  same  as  for  the  determination  of 
the  pieces  under  direct  compression  (p.  337). 

Taking  for  the  value  of  >//•=:—*  [14] 

where  a>  is  the  sectional  area  of  hooping  reinforcement  in  a  length  (l)  of  the  piece, 
and  {t)  is  the  thickness  of  the  shell.  We  assume  the  limiting  unit  stress  (c)  on  the 
concrete  from  which  the  area  of  the  hooping  reinforcement  (oo)  is  deduced  as  shown 
in  pages  337  to  340,  either  by  assuming  a  thickness  of  shell  or  a  value  for  (xf/^). 
The  unit  stress  on  the  concrete  for  ordinary  proportions  may  be  taken  as  400  pounds 
per  square  inch,  but  if  a  richer  mixture  is  used  a  higher  stress  may  be  allowed  ; 
if,  on  the  other  hand,  quick-setting  cement  is  employed,  this  unit  stress  must  be 
reduced. 

The  sectional  area  found  for  the  hooping  reinforcement  must  be  divided  up 
into  a  certain  mmiber   of   bars,   which  will  fix 
their  sectional  area  and  spacing. 

The  calculation  of  the  longitudinal  bars  is 


T 
made  in  exactly  the  same  manner  as  for  struc-    \  T 


tures  under  internal  pressure,   the  longitudinals  |        ,  ^r     • 

in  this  case  being  on  the  outside  of  the  circular  1 [ =1 — i 

bars    (Fig.    398).     The  tensile   and   compressive  !• ^ h 

stresses  are  the  reverse  to  those  of  a  piece  under  yiq.  398 

internal    pressure.     The  general  remarks  which 

have  been  made  on  the  manner  of  treatment,  etc.,  apply  equally  to  pieces  under 

external,  as  to  those  under  internal,  pressure. 
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SMALL  SPAN  ARCHES 

Arches  with  Uniformly  Distributed  Load,  and  Considered  as  Parabolic. 
— ^For  small  span  arches,  such  as  those  used  for  iOloors,  the  arch  may  be  considered 
as  parabolic  and  the  load  as  uniformly  distributed.  The  curve  of  pressures  is 
therefore  paraboUc. 

If  (w)  is  load  per  square  unit,  (L)  the  span,  and  (y)  the  rise,  which  will  be  practic- 
ally the  same  as  the  versine  of  the  neutral  surface  curve,  (H)  being  the  horizontal 
thrust,  we  have — 

^        2       ^ 

H  =  !f •  [.i 

If  we  call  the  reaction  at  the  springings  (S ) — 


Both  the  horizontal  thrust  and  the  reaction  at  the  springings  will  act  at  the  neutral 
surface  of  the  arch.  The  value  of  R^  being  found,  the  equations  for  direct 
compression,  pp.  337  to  340,  must  be  used. 

Herren  Wayss  and  Fratag  proceed  as  follows.     The  maximum  compression 
being  at  the  springing—  

making  (a  =  y\fbd,  and  considering  the  width  of  the  piece  as  unity,  w  =  \|^. 


wL^      /I +  162/2 
Then  d  =~§^V   ~~    iJ~ 

c  +  Mf-c) 

taking  the  ratio  of —  as  10,  d  =  l-35  wL  x -, [3] 

c  +  y^rif^c) 

and  (ji)=zyl/d.  [4] 

Method  for  Arches  Loaded  over  Half  the  Span  and  considered  Parabolic. 
—Another  method  employed  for  the  calculations  for  arches  is  to  consider  the 
neutral  line  of  the  arch  as  parabolic,  which  is  approximately  true  when  the  rise  is 
small  as  compared  with  the  span. 

The  dead  load  is  supposed  to  be  uniformly  distributed.  The  liv^e  load  is 
assumed  to  cover  only  half  the  span,  as  this  loading  causes  the  greatest  bending 
moment.  The  curve  of  pressures  for  the  dead  load  follows  the  curve  of  the  arch, 
and  that  for  the  Uve  load  considered  alone  is  supposed  to  pass  through  the  neutral 
surface  curve  of  the  arch  at  the  crown  and  springings.  This  is  the  same  as  assuming 
hinges  at  these  places.    In  this  case  the  thrust  at  the  crown  becomes— 
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9nd  the  maximum  at  the  springings — 


The  dead  load  produces  no  bending  moment,  as  it  is  uniformly  distributed  and 
the  curve  of  the  arch  assumed  to  be  parabolic. 

The  maximum  bending  moment  due  to  the  live  load  only  is  produced  at  a  sec- 
tion a  quarter  the  length  of  the  span  from  the  springings,  tending  to  cau£e  a  down- 
ward deflexion  on  the  loaded  side,  and  an  upward  deflexion  on  the  unloaded  side. 

The  ordinate  of  the  parabolic  pressure  curve  at  the  section  \  L  from  the  spring- 
ing is  I  v.    And  the  vertical  component  of  the  thrust  at  the  springing  on  the 

unloaded  side  due  to  the  live  load  only  is  (taking  it  as  the  reaction  of  a  girder) 


The  horizontal  thrust  due  to  the  hve  load  only  = 


8 


16t; 
Taking  moments,  we  get — 

,-,  wL^      3         wL     L 

Jf -^  =  —  X  —V X  — 

"^       16t;      4  8       4 

M^=-^-  [3] 

The  thrust  at  ^  2/  is  —  {w  +  2p)  sec.  <^,  where  <f>  is  the  angle  of  the  neutral 

16v 

surface  curve  to  the  horizontal.     The  further  treatment  will  be  by  the  use  of 

equations,  from  p.  428  forward. 

These  equations  will  apply  to  any  arch  hinged  at  the  crown  and  springings 

if  the  weight  of  the  arch  and  roadway  can  be  considered  as  imif  ormly  distributed, 

which  is  seldom  the  case  in  practice.^ 


LARGE  SPAN  ARCHES  AND  OTHER  PIECES  SUBJECTED  TO  DIRECT 

STRESS  AND  BENDING  COMBINED 

General  Remarks. — In  treating  the  question  of  pieces  subjected  to  both 
direct  and  bending  stresses  the  first  essential  is  to  know  the 
poeition  of  the  curve  of  pressures  *  through  the  piece  and 
the  magnitude  of  the  resulting  pressures  at  different  sections. 
When  we  have  found  the  curve  of  pressures  and  its  position 
on  an  arch  ring,  we  may  consider  the  force  lines  forming  the 
pressure  curve  as  acting  at  the  vertical  load  lines.  We  have 
therefore  at  each  of  these  sections  a  force  12  acting  in  the 
direction  of  the  pressure  curve  at  this  point  (Fig.  399).  The 
effect  of  this  force  is  not  altered  if  we  imagine  two  forces  equal 
to  i2  as  acting  at  the  neutral  surface  of  the  arch  in  opposite 
directions  parallel  to  its  line  of  action.    This  is  the  same   as  fio.  399 

^  M.  Godard's  formula  for  arches  is  given  p.  97. 

■  The  reasoning  used  in  finding  the  position  of  the  pressure  curve,  etc.,  follows  closely 
that  employed  by  Prof.  William  Cain  in  his  Elastic  Arches  and  Steel  Concrete  Arches, 
published  by  W.  Van  Nostrand  Company. 
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substituting  for  R  a  thrust  at  the  neutral  surface,  and  a  couple  with  a  lever 
arm  equal  to  the  radial  distance  from  the  neutral  surface  to  the  pressure 
curve. 

The  thrust  at  the  neutral  surface  may  be  resolved  into  components  tangefUial 
and  normal  to  the  neutral  surface  ;  the  normal  component  only  produces  shearing, 
and  is  always  small  and  is  consequently  negligible.  The  tangential  component 
is  the  direct  thrust,  which  we  may  call  T, 

The  forces  R  and  R  of  the  couple  producing  the  bending  moment  may  also 
be  resolved  into  vertical  and  horizontal  components. 

The  vertical  components  act  in  opposite  directions  and  therefore  balance 
one  another,  and  we  have  left  a  couple  of  horizontal  forces  with  a  lever  arm  of  the 
vertical  distance  between  the  neutral  surface  and  the  pressure  curve. 

The  horizontal  force  of  the  couple  is  the  horizontal  thrust,  and  is  the  same  for 
all  sections. 

We  have  therefore  the  general  equation  for  the  bending  moment  M  =:H  x  t, 
where  t  is  the  vertical  distance  from  the  neutral  surface  to  the  pressure  curve,  and 
varies  at  each  section  considered. 

Now  it  will  be  seen  that  if  at  any  section  we  were  to  resolve  the  forces  R  and 

R  of  the  couple  into  components  normal  and  tangential  to  the  neutral  surface  of 

the  arch  instead  of  the  components  acting  in  vertical  and  horizontal  directions, 

the  normal  components  would  balance  each  other,  and  we  should  be  left  with  a 

couple  of  forces  of  the  same  magnitude  and  acting  in  the  same  direction  as  T, 

with  a  lever  arm  equal  to  the  distance  between  the  neutral  surface  and  the  pressure 

curve  measured  on  the  radial  line  of  the  arch,  and  this  couple  would  produce  a 

moment  equal  to  T  x  the  radial  distance  from  the  neutral  surface  to  the  pressure 

curve  =  jET  x  t=^M, 

M 
We  therefore  get  the  relation  -—  =  radial  distance  from  the  neutral  surface 

to  the  pressure  curve.     In  the  case  of  columns  or  other  pieces  that  are  not  curved 

there  will  be  only  one  plane  of  reference  in  place  of  the  radial  and  vertical  planes 

of  arches,  also  T  will  be  the  direct  vertical  thrust  and  there  will  be  no  expression 

M 
similar  to  H.     The  relation  -=■  vnll  be  equal  to  the  horizontal  distance  from  the 

neutral  surface  to  the  pressure  curve. 

Effect  of  the  Bending  Moments  on  an  Arch  Ring.— Consider  a 

very  small  slice  of  an  arch  (Fig.  400)  of  a  length  A^  along  the  neutral 
surface,  and  having  a  central  angle  a.  The  direct  thrust  T  cannot 
cause  any  change  of  curvature,  but  under  the  action  of  the  bending 
moment  M  we  may  suppose  the  central  angle  changed  to  a^  the  curva- 
ture being  increased  if  R  acts  below  the  neutral  surface  (as  then  the 
^i^atest  compression  is  at  the  intrados)  and  decreased  when  R  acts 
ibove  the  neutral  surface — the  angle  a^^=a  +  Aa. 

Therefore  Aa  =  (a^  —  a),  [1] 


Fia.  400 


and  Aa  is  the  change  of  incUnation  of  the  tangents  to  the  curve  due  to 
the  change  of  curvature,  as  is  clearly  seen  by  the  exaggerated  case 
(Fig.  401). 

If  we  consider  the  bending  moment  as  plus  when  it  is  left  handed,  then  Aa 
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18  plus  when  M  is  plus  or  R  acts  above  the  neutral  sur- 
face, and  Aa  is  minus  when  M  is  minus,  or  R  acts  below 
the  neutral  surface. 

If  we  call  (i;)  the  distance  of  any  fibre  of  area  (a) 
from  the  neutral  surface,  (v)  being  plus  for  fibres  above 
and  minus  for  fibres  below  the  neutral  surface,  as  the 
length  of  the  arc  is  very  small,  it  may  be  considered 
always  as  the  arc  of  a  circle  and  the  axis  of  a  fibre  in 
the  same  plane  as  concentric  with  it. 

Therefore  the  length  of  a  fibre  before  fiexure  is  (A5 
+  va),  and  after  flexure  it  becomes  (A5  +  va^. 

The  change  of  length  is  t;  (a^  —  a),  or  from  equa- 
tion [1] — 

The  change  of  length  =  v  Aa. 


Fig.  401 


[2] 


If  the  unit  stress  of  the  concrete  is  (c),  and  of  the  metal  is  (/),  since  the  unit  stress 

on  any  fibre  =  —      ,  , —    ,      .  ^,      x  co-efl5cient  of  elasticity,  the  stress  on  & 

original  length  of  fibre 

fibre  of  concrete  is — 

ca:=^-^^^a^„  [3] 

A^  +  va       "^  ^  ^ 

and  on  a  fibre  of  the  metal — 

.           t;Aa        „  -^_ 

/a  = a  Ef.  [4] 


The  coefficient  of  eUisticity  of  the  concrete  is  here  assumed  to  have  a  constarU  value. 

The  {As+va)  in  the  denominators  may  be  replaced  byA«,  without  appre- 
ciable error. 

The  sum  of  all  the  stresses  (due  to  flexure  only)  acting  on  the  entire  section  is 
therefore — 


2ca  +  2/a=^',^2(t;a)  +  ^2(t,a). 

As  As 


[8] 


The  moment  of  the  stress  on  any  fibre  about  the  neutral  surface  must  be  (a  c  v)  or 
(a  /  t;)  according  as  the  fibre  is  of  concrete  or  metal.  Therefore  the  total  bending 
moment  =  total  resisting  moment  =^^  v  c  a,  +^  v  f  a,. 

Then  from  equation  [6] — 


M  =  eJ^^^I:  (v^  a)  +  5,^2  (t;«  a). 
*Atf  ^As 


[6] 


but  2  (v*  a)  is  the  moment  of  inertia  of  the  concrete  or  metal.     We  have  therefore- 


M  =  E^pI^  +  E,p„ 


Aa 


otM  =  ^[EJ,  +  E^,l 


Therefore  Aa= 


M  Aa 


Ell,  +  ml,] 
411 


[7] 


REINFORCED    CONCRETE 


We  must  now  assume  for  the  purpose  of  the  graphical  treatment  thai  for  an 
appreciable  length  As,  several  feet  for  instance,  Aa  is  given  by  equation  [7],  provided 
that  M  is  taken  as  constant  and  eqwd  to  the  value  corresponding  to  that  at  the  mid  point 
of  the  length,  or  i  As  distant  from  either  end,  I^  and  If  being  also  taken  there.  This 
assumption  is  very  nearly  true. 

As  the  total  change  in  the  inclination  of  the  end  tangents  for  a  length  « is  the 
sum  of  all  the  infinitesimal  changes  for  the  part  of  the  arch  under  consideration,  or 


( 


M  La 


-> 


Ell,  +  ml 

As  being  very  small,  the  above  assumption  means  that  this  expression  is  equal 
approximately  to 


e  = 


M,s 


Ell,  +  mlf]' 


[8] 


Fio.  402 


where  s  =  ^As  and  M,  is  the  moment  at  the  middle  of  s,  I^  and  If  beiog  also 
taken  there. 

If  a,  b,  c  (Fig.  402)  represents  the  neutral  surface  line  of  an  imstrained  arch, 

and  {s)  a  length  of  the  neutral  line  whose 
centre  is  6.  When  the  arch  is  loaded  the 
neutral  line  changes  shape,  and  the  change 
of  the  inclination  of  the  end  tangents  to  the 
aeutral  arc  s  is  given  by  equation  [8],  where 
M  and  E,  are  constant,  and  M,  I^  and  If 
are  taken  at  b. 

Suppose  the  end  c  to  be  temporarily  free, 
then  the  bending  on  s  alone  will  cause  a 
rotation  of  the  arc  b  c  about  b  equal  to  0,  so 
that  the  line  b  c  will  rotate  through  infini- 
tesimal distance  c  e,  taken  as  perpendicular  to  b  c. 

Taking  c  as  the  origin,  and  c  a  as  the  axis  of  x  and  the  axis  of  j^  as  vertical, 
and  calling  the  co-ordinates  of  6,  x  and  y,  further  drawing  c  d  perpendicular  to 
c  a  ;  then  from  similarity  of  triangles — 

ce  ce 

cd  :  ce  :  :  y  :  be,  or  cd  =  —  y  and  —  =ft 

be  be 

Therefore  cd  =  yO.  [9] 

similarly  de  =  xd,  [10] 

This  assumes  that  if  M,  I,,  If,  x  and  y  are  all  taken  at  the  mid  point  of  the  arc  8 
as  a  sort  of  average,  the  horizontal  and  vertical  deflexions  of  c,  due  to  s,  are  given 
with  a  sufficiently  close  approximation  by  the  above  equations. 

The  total  horizontal  and  vertical  displacements  of  c  due  to  the  bending  of  all 
the  portions  of  the  arch  are  then  given  by  2  {y  6)  and  2  {x  6). 

Further,  if  the  tangent  at  (a)  moves  through  at  small  angle  fi  we  have  a 

vertical  deflexion  at  (c),  due  to  it,  of  ^.ac  the  horizontal  displacement  being  nil. , 
We  have  therefore  from  equation  [8] 

'^  E,{I,  +  ml,) 
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The  total  change  of  inclination  of  the  tangents  at  (a)  and  (c)  is  similarly — 

20  =  2 ^-^ 

EJ,I,  +  m/,) 

For  an  arch  E^  is  constant,  and  ml^  must  be  considered  as  constant,  since, 
until  we  know  what  reinforcement  is  required,  we  cannot  know  the  value  of  I, — 

I^^= — ,  and  if  we  vary  the  distances  8  throughout  the  arch  so  that   -^  is  constant^ 
12  l^ 

b  8 

or,  since  —  is  constant,  if  we  make  —  constant — we  can  write 

12  cP 

:L{ye)=^My.       ^  [11] 

HixO)  =2  Mx+P,ac.  [12] 

and  20=:2Jlf.  [13] 

We  have  then  the  following  conditions — 

When  the  arch  is  continuou8,  having  no  hinges,  we  get — 

2  Jtf        =0.  [14] 

2  (My)  =  0.  [15] 

2  {Mx)  ^  0.  [16] 

When  the  arch  is  hinged  at  the  springings,  the  span  is  invariable.  Therefore — 

2  (My)  =  0.  [17] 

The  vertical  deflexion  of  c  with  respect  to  a  is  zero,  but  j8  will  have  a  value  ;  there- 
fore 2  (M  x)  cannot  be  zero. 

PRESSURE  CURVE 

General  Remarks. — The  general  principle  employed  for  finding  the  true 
pressure  curve  on  any  arch  due  to  the  loading,  and  methods  of  fixing,  whether 
hinged  or  otherwise,  is  stated  as  follows  by  Professor  Cain,  in  his  Elastic  Arches,^ 

'*  If  in  any  arch  the  equilibrium  polygon  (due  to  the  weights)  be  constructed 
which  has  the  same  horizontal  thrust  as  the  arch  actually  exerts  ;  and  if  its  closing 
line  be  drawn  from  consideration  of  the  conditions  imposed  by  the  supports,  etc. ; 
and  if,  furthermore,  the  neutral  surface  curve  of  the  arch  itself  be  regarded  as 
another  equilibrium  polygon  due  to  some  systems  of  loading  not  given,  and  its 
closing  line  be  also  found  from  the  same  considerations  respecting  supports,  etc.  ; 
then  when  these  two  polygons  are  placed  so  that  these  closing  lines  coincide  and 
their  areas  partially  cover  each  other,  the  ordinates  intercepted  between  these 
two  polygons  are  proportional  to  the  real  bending  moments  acting  in  the  arch." 

We  have  also,  as  a  principle  of  the  equilibrium  polygon,  that  if  the  ordinates 
have  to  be  altered  in  a  given  ratio,  the  pole  distance  is  altered  in  the  inverse  ratio. 
This  siniply  means  that  if  the  slope  of  the  lines  in  the  diagram  of  forces  is  to  be 

*  The  methods  employed  by  Professor  Cain  are  followed  in  the  paragraphs  dealing  with 
the  location  of  the  pressure  curve,  by  his  permission.  These  methods  the  reader  is  given  in 
ElasUc  Arches  and  Concrete  Steel  Arches,  published  by  Van  Nostrand  &  Co.,  23,  Murray  Street, 
New  York,  at  60  cents  each. 
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altered,  the  vertical  forces  remaining  the  same,  it  is  necessary  to  increase  the  pole 
distance  for  a  flatter  slope,  and  decrease  it  for  a  steeper  slope. 

//  the  springings  are  at  different  levels  we  have,  instead  of  a  horizontal  thrust, 
A  thrust  parallel  to  the  line  joining  the  springings.  In  the  discussion  to  follow,  it 
is  always  assumed  that  the  springings  are  at  the  same  level. 

Practical  examples  have  been  given  in  the  following  methods  for  finding  the 
true  position  of  the  pressure  curves  in  arches,  as  it  was  considered  that  this  would 
be  preferable  to  a  general  treatment.  Different  forms  of  arched  bridge  and  loading 
are  given  in  each  case  in  order  that  the  whole  process  may  be  clearly  shown.  The 
bridge  with  arched  spandrils  assumed  for  the  two-hinged  arch  can  be  adapted  to 
the  other  types,  the  only  difference  being  that  the  load  lines  or  P,.  are  varied  in 
position.  For  the  three-hinged  arch,  a  bridge  with  a  rise  of  ^  the  span  has  been 
assimied  instead  of  the  flatter  arch  selected  for  the  other  types. 

In  all  the  examples  the  exterior  load  has  been  assumed  as  covering  half  the 
«pan,  but  when  designing  a  bridge  several  pocitions  of  the  exterior  load  should  be 
tried.  It  is  usual  to  assume  two  cases,  one  when  the  load  covers  the  whole  span, 
a,nd  the  other  when  it  covers  half  the  span,  but  Mr.  Cain,  in  the  discussion  on  a  paper 
recently  read  before  the  American  Society  of  Civil  Engineers  by  Mr.  B.  R.  LefiSer,^ 
advises  the  trial  of  two  further  positions,  one  extending  from  the  springing  ^^ 
And  the  other  ^  of  the  span. 

In  each  case  the  working  is  shown  on  the  diagram  for  the  sake  of  easy 
reference. 


Continuous  Arch  having  no  Hinges  (Fig.  406). 

The  description  and  loading  of  the  assumed  bridge  is  shown  on  the  figure,  the 
weight  of  the  concrete  used  in  the  spandrils  is  assumed  to  be  the  same  to  that  of 
the  arch  for  the  sake  of  simplicity,  although  it  is  usually  less.  The  dimensions  of 
the  arch  ring  were  formed  by  the  use  of  a  formula  devised  by  P.  F.  Weld,*  based 
upon  the  study  of  all  available  data  upon  the  subject  .of  his  own  experience  in 
designing  arches  for  a  great  variety  of  conditions  of  span  and  load.  This  formula 
may  be  stated  as  follows — 

d  =  yZ  +  O-IL  +  0.005m;  +  00025^. 

Where  d  is  the  depth  of  the  arch  at  the  crown  in  inches. 

L  the  clear  span  in  feet. 

w  the  exterior  load  in  pounds  per  square  foot  uniformly  distributed. 

p  the  weight  of  the  dead  load  above  the  crown  of  the  arch  per  square  foot  in 
pounds. 

It  may  be  of  interest  to  mention  that  an  exterior  load  of  200  pounds  per  square 
foot  will  allow  for  a  15  ton  steam  roller. 

The  radial  depth  of  the  arch  ring  at  the  quarter  points  should  be  1|  that  at 
the  crown. 

The  extrados  curve  may  be  struck  passing  through  the  points  obtained  as 
above  from  a  centre  on  the  line  from  the  crown  passing  through  the  centre  from 
which  the  extrados  was  struck,  as  has  been  done  in  the  example  given,  or  the 
radial  depth  of  the  arch  at  the  springings  may  be  made  double  that  at  the  crown, 

*  Transactions  of  American  Society  of  Engineers,  vol.  Iv. 
■  Engineering  Record,  November  4,   1906 
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the  outer  portions  of  the  extrados  being  drawn  in  tangent  to  the  curve  obtained, 
«8  described  above. 

An  elliptical  form  of  arch  is  frequently  adopted  when  there  are  no  hinges.  In 
this  case  the  intrados  is  described  in  the 

usual  way  with  five  centres  or  as  a  true  ,,-'""   l"^*!"--.. 

ellipse ;  the  depth  at  the  crown  and 
quarter  points  is  found  as  described  for 
segmental  arches. 

A  neat  method  for  the  graphic  con- 
struction of  a  five-centred  curve  is  given 

by  Mr.  A.  Swartz  in  a  letter  to  the  En-   "" '^^'-r^J.'-iV"^ 

gineering  Record.  ■  ^^\     ,      >     / 

Since  we  know  the  rise  and  span ;  \  '^    ;    / 

let  A  B,  Fig.  403,  represent  the  span  and  \^  \  i  / 

CD  the  rise.     Draw  DF  parallel  to  A  B  \\\; 

and  produce  D  G.     Join  A  D.     Draw  F  0  % 

perpendicular  to  A  D.     Make  C  P —  C  D,  Fia.  403 

and  describe  a  semi-circle  on  A  P,  cutting 

€  D  produced  at  E.  Make  G  N  ^  E  D  and  describe  the  arc  M  N  from  the  centre 
O.  Make  A  L  ^^C  E,  and  describe  the  arc  L  M  from  the  centre  K,  cutting  M  N 
at  M.     K,  M  and  0  ar6  the  centres,  and  A  K,  M  H  and  0 1  the  radii. 

Mr.  Daniel  B.  Luten,  President  of  the  National  Bridge  Company,  in  an  article 
published  in  the  Engineering  Record  of  April  14,  1906,  discussing  the  best  form  of 
arch  ring  for  reinforced  concrete  bridges,  advises  a  curve  for  the  intrados  of  a  mean 
between  th/*  ellipse  and  the  segment  as  shown  in  Fig.  404.    The  eUipse  is  readily 
determined    by    drawing    two    concentric 
circles  on  the  major  and  minor  axes  of  the 
ellipse  as   diameters,   and  from  the  points 
where    any  common   radius   cuts   the   two 
circles,  projecting  lines  parallel  to  the  re- 
spective axes.     The  points  of  intersection 
of  these  lines  will  be  points  on  the  ellipse. 
Points  on  the  curve  of  the  intrados  are 
_      ^,  found   by   bisecting   the  vertical   distances 

between  the  ellipBe  and    the   segment    and 
determining  by  trial  arcs  of  circles  to  approximate  the  true  curve. 

The  curve  of  the  extrados  is  a  segment  struck  from  a  centre  on  the  centre  line 
of  the  arch,  with  a  radius  equal  to  the  radius  of  the  intrados  at  the  crown,  plus 
2$  times  the  thickness  of  the  arch  at  the  crown. 

Mr.  Luten  states  that  an  arch  designed  as  above  will  be  in  almost  exact 
equilibrium  under  earth  loading,  when  the  depth  of  fill  at  the  crown  does  not 
exceed  three  times  the  crown  thickness.  Where  the  fill  exceeds  this  amount,  it 
will  nearly  always  occur  in  high  embankments  where  the  semi-circle  is  feasible  and 
is  the  most  efficient  curve. 

With  a  concentrated  load  at  the  crown  the  above  form  of  arch  will  be  found 
to  require  reinforcement  near  the  intrados  at  the  crown,  and  near  the  extrados  at 
the  haunches.  By  using  one  series  of  reinforcements  for  both  these  regions  and 
alternating  the  points  of  their  crossing  the  arch  ring,  one  system  of  rods  can  be 
made  to  reinforce  the  arch  against  all  the  stresses. 
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By  distributing  the  points  of  bending  so  that  the  rods  will  cross  the  middle  and 
thirds  of  the  half  arch,  this  reinforcement  will  provide  for  all  possible  conoentra- 
tions  of  loading. 

One  arch  of  a  double  span  bridge  constructed  at  Franklin,  Indiana,  with  an 
arch  ring  and  reinforcement  as  described  is  shown  (Fig.  405),  and  Mr.  Luten  states 


that  numerous  arches  up  to  100  feet  span  have  been  built  in  this  manner  with 
invariable  success. 

Having  drawn  the  arch  ring,  the  neutral  surface  line  must  be  drawn  in  passing 
through  the  mid-points  of  the  thickness  of  the  arch  ring. 

The  neutral  line  is  then  divided  into  parts  such  that  — -  is  constant,  when  8  is 

d 

the  length  of  each  part,  and  d  the  depths  of  the  arch  ring  at  the  centres  of  the 
various  89. 

To  effect  this  the  depths  of  arch  ring  are  tabulated  at  each  foot  length  of  the 
neutral  line  for  half  the  arch. 

The  depths  for  the  arch  under  consideration  are  as  follows — 


TABLE  LXXII 


Distonoe 

along 

neutral  line 

from 

springing 

in  feet 


1 

2 
3 

4 
5 
6 
7 
8 


Depth  of 

arch  ring 

in  feet 


2 
2 
2- 
2 
2 
2 
2 
2 


72 
61 
53 
45 
36 
27 
19 
12 


Distance 

along 

neutral  line 

from 

springing 

in  feet 


9 
10 
11 
12 
13 
14 
16 
16 


Depth  of 

arch  ring 

in  feet 


Distance 

along 

neutral  line 

from 

springing 

in  feet 


2 
1 
1 
1 
1 
1 
1 
1 


05 
98 
92 
87 
80 
73 
68 
62 


17 
18 
19 
20 
21 
22 
23 
24 


Depth  of 

arcn  ring 

in  feet 


1-58 
1-53 
1-50 
1-46 
1-42 
1-38 
1-36 
1-32 


Distance 

along 

neutral  line 

from 

springing 

in  feet 


25 
26 
27 
28 
29 
30 
31 


Deoth  of 

arcn  ring 

in  feet 


1-29 
1-28 
1-27 
1-26 
1-25 
1-25 
1-25 


The  total  half  length  of  the  neutral  surface  curve  is  31-12  feet.  In  order  that 
the  division  next  to  the  crown  should  not  be  too  small  we  first  try  a  value  of  Si  at 
the  spring  and  ascertain  what  value  it  will  give  at  the  crown. 

Trying  Si  =  10,  the  depth  at  the  centre  of  Si  or  at  6  feet  is  2-36.  The  depth 
at  the  crown  is  1-25  feet,  therefore  if  S  is  the  division  next  the  crown 


10 


8 


(236)8       (1.25) 


f\\Z 


^      10  X  1-953      ,   ,^ 
or  0  = =  l-48. 


1314 
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This  may  lead  to  a  satisfactory  division ;  we  therefore  proceed  by  assuming  a 
length  for  ^f^  ::=  3  we  get  for  the  depth  of  arch  ring  at  the  centre  of  82  or  at  10  +  1-5 
=  116  d  =  1-90,  trying 


10 


S, 


8,= 


6-859  X  10 


622, 


1314       (190)3  -  13-14 

next  trying  82  =  4-8,  the  depth  at  the  centre  of  82  or  at  10  +  2-4  =  12-4  is  1-84, 

10  82 


or 


13-14       (l-84)« 
which  is  sufficiently  near. 


^,=^^1-^^  =  4-74 
1314 


Next  trying  8z  ^=  4k 
trying- 


data  distance  of  10  +  4-74  +  2  =  16-74  is  1-69, 


10 


8 


3 


^        4-020  X 10       ^ 
or  82  =  — ^^^^-^ —  =  3, 


trying  82  =  3-0 


or 


1314      (1-59)3  -  13.14 

d  at  a  distance  of  14-74  +  1-5  =  16-24  is  1-61, 
10  ^3  «       4-173  X  10 


or  8: 


3 


13-14 


316. 


1314       (1-61)3 

Proceeding  in  this  manner  we  get  the  first  trial  divisions  given  in  Table  LXXIII. 
This  division  sums  to  30-47  for  the  half  length  of  the  neutral  sm-face  ciu^e  instead 
of  31-12,  necessitating  a  further  trial  with  a  different  value  for  81, 

Making  /Sfi  =  10-25  and  proceeding  as- before,  we  get  the  values  in  the  second 
portion  of  Table  LXXIII.  The  summation  in  this  case  is  very  near,  and.  the 
divisions  only  require  adjustment  as  given  in  the  third  portion  of  the  table.  The 
last  column  gives  the  distances  from  the  springings  to  the  centre  points  of  the 
divisions  ;  these  are  laid  off  along  the  neutral  surface,  giving  the  positions  of 
Oi  02  (hy  etc. 

The  number  of  divisions  of  the  arch  must  never  be  less  than  20,  to  obtain  an 
accurate  location  of  the  pressure  curve  and  for  finding  the  temperature  stresses  as 
described  later,  30  to  40  divisions  should  be  taken. 


TABLE  LXXIII 


Division 

of 

Neutral 

Surface 

Curve 


First  Trial 


Length 

of 
Division 


St 

10 

Si 

4-74 

S3 

315 

S*        ! 

2-4R 

S,       ! 

208 

Se 

1-83 

S7 

1-63 

Ss 

1-56 

s» 

1-52 

S|o 

1-48 

Summation 


14-74 
17-89 
20-37 
2245 
24-28 
25-91 
27-47 
28-99 
30-47 


I 


Second  Trial 


I     Length 
;  of 

Division 


10-25 
4-92 
317 
2-55 
2-08 
1-82 
1-66 
1-62 
1-54 
1-54 


Summation 


15-17 
18-34 
20-89 
22-97 
24-79 
26-45 
28-07 
29-61 
31-15 


Length 

of 
Division 


10-23 
4-91 
3-17 
2-55 
2-08 
1-82 
1-66 
1-62 
1-54 
1-64 


Adjustment 


Summation 


1514 
18-31 
20-86 
22-94 
24-76 
26-42 
2804 
29-58 
3112 


Distance 

from 

Springing  to 

Centres  of 

Division 
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612 
12-86 
16-73 
19-58 
21-90 
23-85 
25-59 
27-23 
28-81 
30-35 
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Having  set  ofi  the  of  along  the  neutral  surface  curve  perpendiculars  are  dropped 
from  these  points  and  the  loads  for  a  strip  of  the  bridge  and  loading  one  foot  in  width 
are  found  for  the  portions  of  the  arch  superstructure  and  exterior  load  between 
them.  At  the  crown  two  loads  are  found  between  aio  and  an  and  the  centre  line. 
These  loads  act  along  the  lines  P  passing  through  the  centres  of  gravity  of  the 
several  trapezoids  enclosed  between  the  verticals  through  the  a* ,  the  intrados  of 
the  arch,  and  the  line  of  loading,  equivalent  .load  lines  being  drawn  reducing  all 
the  several  loads  to  the  same  value. 

It  is  only  necessary  to  find  the  centre  of  gravity  for  the  lines  of  action  for  the 
P*  where  the  inclination  of  the  intrados  is  considerable,  in  the  present  case  for 
Pi,  Pa,  Pi9  and  Pao,  the  remaining  P*  may  be  drawn  acting  through  the  centre  of 
the  distance  between  the  a*. 

The  loads  for  the  outer  portions  between  a^  and  aao  and  the  springings,  and 
acting  through  the  centres  of  gravity  of  these  outer  portions,  are  not  used  for 
obtaining  the  equilibrium  polygon,  but  are  compounded  with  the  thrusts  through 
ai  and  Oao  to  obtain  the  thrusts  through  springings  B,^  and  i?^. 

Table  LXXIV  of  the  values  of  Pi,  Pa,  etc.,  is  given  on  the  diagram,  Fig. 
406)  together  with  these  summations. 

The  forces  are  now  laid  off  to  a  scale  of  loads  on  the  vertical  load  line,  and  a 
trial  horizontal  thrust  of  20,000  pounds  has  been  assumed  acting  between  Pa  and 
Pi 2,  giving  a  trial  pole  Oy  Now  join  the  points  on  the  vertical  load  line  at  the 
terminations  of  the  several  P*  to  Oi. 

The  rays  from  the  points  between  the  several  P*  give  the  amount  and  direction 
of  the  several  thrusts  between  those  P*  in  the  equilibrium  polygon,  i.e.,  the  ray 
from  the  point  on  the  load  line  between  Pi  and  6,682  gives  the  thrust  acting  be- 
tween the  outer  vertical  load  of  6,682  and  Pi  in  amount  and  direction ;  similarly 
that  from  the  point  between  Pi  and  P%  gives  the  thrust  between  Pi  and  Pa,  calling 
these  rays  Pi,  Pa,  P3,  P4,  etc.  We  commence  drawing  the  equilibrium  polygon  by 
drawing  a  horizontal  line  between  the  load  lines  Pu  €tnd  Pia  (in  the  present  case 
this  is  taken  on  Ox  Hi  produced),  since  the  horizontal  thrust  has  been  assumed 
as  acting  between  these. 

The  polygon  is  completed  by  drj;wing  lines  between  the  various  load  lines 
parallel  to  the  respective  rays,  i.e.,  draw  lines  from  the  ends  of  the  horizontal  between 
Pii  and  Pia,  from  Pu  parallel  to  the  ray  Pu  Pio,  and  from  Pia  parallel  to  the  ray 
Pi 2  Pi3  from  where  these  lines  cut  Pia  and  P13  lines  parallel  to  the  rays  Pi©  Pg  and 
Pi3  Pi  4,  till  they  cut  the  load  lines  P^  and  Pi  4,  proceeding  in  this  manner  until  the 
rays  Pi6682  and  Pao5602  cut  the  vertical  lines  dropped  from  ai  and  aao  at   Vi  and 

Fao. 

The  equilibrium  polygon  can  be  checked  by  laying  off  vertical  ordinates  from 
the  horizontal  through  Pu  Pu  on  the  several  load  lines.  The  ordinates  being 
found  as  follows — 

From  similar  triangles  Pt2  '-  Hi  Oi  :  :  the  ordinate  from  the  horizontal  through 
Pti  P12  at  Pi3 :  the  horizontal  distance  from  Pia  to  P13 

,,         J.     i.       A.  n         P12  X  horizontal  distance  between  Pia  and  P13, 
or  the  ordinate  at  P13  = — iii 

H,0, 

consequently  the  ordinate  to  613= —  =i0-03. 

20,000 
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Also  (Pi 2  +  P13) :  Hi  Ox  : :  the  ordinate    from  the    horizontal  through    Pi 3 
:  the  horizontal  distance  from  Pi  3  to  Pi  4. 

.'.  The  ordinate  at  Pi 4  from  the  horizontal  through  Pu  P12  =  ordinate  to  613  + 
(P12  +  P13),  X  horizontal  distance  between  Pis  and  Pi 4, 

20,000 

or  ordinate  at  &14  =  003  +  ^^^   ^  ^'^^  =  003  +  0067  1:=  O'lO. 

20,000 

Similarly  (Pia  +  -P13  +  Pi*)  :  ifi  Oi  :  :  the  ordinate  from  the  horizontal  through 
Pi 4  :  the  horizontal  distance  from  Pi 4  to  Pis. 

.  • .  The  ordinate  at  Pjj  from  the  horizontal  through  Pu  P12  =  ordinate  to 
(P12  +  Pi3  +  P14)  X  horizontal  distance  between  P14  and  Pis, 


614  + 


20,000 


or  ordinate  to  615  =010  +  ^>357  x  162  __  ^  ^^       ^  ^^^  __  ^  ^i    and  so  on. 

20,000 

These  ordinates  must  be  laid  ofiE  to  the  scale  of  distances. 

Having  plotted  the  equilibrium  polygon  join  Vi  ^20  and  produce  the  verticals 
through  Gi  a^  etc.,  to  cut  the  equilibrium  polygon  &i,  h^^  etc.,  and  the  line  joining 
Vx  1720  at  Vx,  V2,  V3,  etc. 

The  ordinates  biVxy  &2V2»  ^sVz,  etc.,  are  those  which  must  be  used  for  the  purpose 
of  finding  the  true  line  of  resistance.  We  must  first  find  the  true  closing  line  for 
the  equilibrium  polygon  to  satisfy  the  conditions  2ifz=0,  and  2j|fa;  =  0  (p.  413). 

The  bending  moments  are  proportional  to  the  ordinates  of  the  equilibrium 
polygon  from' the  closing  line  since  the  horizontal  thrust  is  constant.  Consequently 
if  FFx  be  the  closing  line,  2)3f  =  0  will  be  satisfied  if  the  algebraical  sum  of  the 
ordinates  from  FFx  to  61,  62,  etc.,  or  2  (fb)  is  zero,  those  measured  downwards  from 
the  6*  being  positive  and  those  measured  upwards  negative.  If  the  sum  of 
the  ordinates  between  FFx  and  t?i,  v^,  Vz^  etc.,  are  added  to  the  above  equality,  we 
get  the  condition  that  the  sum  of  the  ordinates  between  FFx  and  Vx,  V2,  ^3,  etc., 
shall  equal  the  sum  of  the  ordinates  Vxbi,  V2b2,  v^bz,  etc.,  or  that 

2(t;/)  must  =  2(v6).  [1] 

Also  since  2(t;6)  —  2(v/)  =:  2(/6),  the  second  condition  ^{Mx.)  =  0  may  be 
written  2(/6.a:)  =  2(r6.a;)  —  ^{vf.z)  =  0,  or  2(tA.a?)  =  2!>{vf.x), 

This  indicates  that  if  the  ordinates  of  the  types  vb  and  vf  are  regarded  as  forces, 
the  sums  of  their  moments  about  an  abutment  are  equal,  or  that  the  resultant  of 
the  vb*  coincides  with  that  of  the  vf,  since  2(t;6)  =  2(i;/)  from  equation  [I]. 

Consequently  if  we  make  the  resultants  of  the  vb*  and  vf  treated  as  forces  coincide, 
we  satisfy  the  second  condition  that  2(Jkf .x)  =  0,  and  the  first  condition  that  2 Jf  =:  0 
is  satisfied  if  we  obtain  the  equality  2(i;/)  =  2(v6)  of  equation  [1]. 

To  find  the  true  position  for  the  closing  line  FFx  to  satisfy  these  conditions, 
we  fibrat  find  the  resultant  of  the  ordinates  of  the  type  vb  treated  as  forces  in  posi- 
tion and  magnitude.  The  length  of  the  sum  of  the  ordinates  vb  is  most  easily 
found  by  marking  off  the  several  lengths  in  succession  on  the  edge  of  a  piece  of 
paper  and  scaling  the  total  length  thus  found.  Any  scale  can  be  used  (generally 
the  scale  of  lengths)  provided  the  same  scale  is  used  for  measuring  the  ordinates 
throughout  the  whole  subsequent  process. 
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Calling  the  magnitude  of  the  resultant  of  the  vb*  R  we  find  R  =  125-95. 

To  find  the  position  of  this  resultant  we  take  moments  of  all  the  vb*  about  d 
on  the  vertical  through  the  crown.  This  may  be  conveniently  done  by  measuring 
the  horizontal  distances  from  the  vertical  through  D  to  each  of  the  v6'  in 
hundredths  of  a  foot,  calling  these  z%iZz,  etc. 

And  dividing  [(v^j^^^  —  ^262)22  +  {v^^K  —  ^'363)23  +  (v^^^^  —  vj)^)z,  +  .  .  . 
+  (Vii6u  —  Vio6io)«io]  =  49.6I   by  jB  =  126-95,    as   shown   in   Table    LXXV  on 
the  diagram,  we  find  that  R  acts  0*40  feet  to  the  right  of  Z>. 

Now  we  have  to  find  a  closing  line  from  which  the  sum  of  the  ordinates  to 
VjVao  =  126,  and  where  the  resultant  of  these  ordinates  considered  as  forces  acts 
at  0-40  feet  to  the  right  of  D. 

R 

Assuming  a  closing  line  EEi  making  v^^E  and  v^Ei  z=  — ,  where  n  is  the  number 

n 
of  ordinates  (20  in  the  present  case).'.  V20E  =  ViEi  =z —  =1  6-30.* 

Next  join  Evi,  dividing  the  ordinates  from  EEi  to  t;2oVi  into  two  sets. 
Now  since  V20E  =  ViEi  the   resultant  of    the  ordinates  within  the  triangle 
V20EV1  treated  as  forces  will  equal   that  of   the  ordinates  within  the  triangle  in 

72        1 2A  7? 

magnitude,  each  being  equal  to  —  =  —  =  63-0  since  V2oE  =  v.Ei  =— '  and  these 

2         2  n 

resultants  act  at  the  same  distance  from  D,  the  one  to  the  right  and  the  other  to  the 
left,  calling  the  resultant  to  the  left  of  D  Trial  T,  and  that  to  the  right  of  D  Trial  Ti. 

Next  find  the  position  of  Trial  T  by  taking  moments  about  D  in  the  same 
manner  as  that  used  in  finding  the  position  for  12. 

The  difference  between  the  ordinates  at  the  same  distance  from  CD  may  be 
conveniently  marked  off  by  joining  the  point  where  Evi  cuts  CD  to  v,o,  ^^ 
measuring  the  portion  of  the  ordinate  above  this  line. 

The  z*  will  be  the  same  as  those  used  for  finding  the  position  of  R.  The  work- 
ing is  shown  in  Table  LXXVI  on  the  diagram.  Trial  T  being  found  to  €U3t  5-94  feet 
to  the  left  of  D,  and  Trial  Ti  acting  6-94  feet  to  the  right  of  D. 

Now  the  position  of  Trial  T  is  not  changed  if  ^  is  moved  to  F,  since  the  ordi- 
nates are  all  altered  in  the  same  ratio,  and  similarly  the  position  of  Trial  Ti  is  not 
altered  if  Et  is  moved  to  Fi. 

Now  since  12  is  the  resultant  in  magnitude  and  position  of  Trial  T  and  Trial  Ti 
we  have,  by  taking  moments  in  turn  about  ti  and  i. 
Since  12  =:  2  Trial  T  —  2  Trial  Ti. 

True  T  x  11-88  =  12(694  —  0-40)  =  2  Trial  T  x  654,  and  similarly  True  T, 
X  11-88  =  2  Trial  Ti  x  6-34. 

True  T       2  x  654        ,  True  T,       2  x  6-34 

or  = ,  and = . 

Trial  T  11-88  Trial  Ti  11-88 

,,  „        TrueT         „       2x654       12       2x564       12595       ^  q. 

Consequently  ..  F  =  ^^^-^^t;.  E  =-^^:^  x  -=  -^^^^  x  -^^=5-87 

>  Any  other  position  for  EE^  would  do,  but  the  assumed  position  makes  the  subsequent 
working  easier.  It  is  recommended  by  Professor  Cain  in  his  discussion  on  Mr.  Leffler's  paf^r 
mentioned  previously. 
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,       «         TrueTi       «         2x634        R        2x6-34      12595       ^  „^ 

and  v^Fi  =  ^  .  ,    '  Vi  E^  =  x  —  = x  =  6-72. 

Trial  Ti  1188  n  11-88  20 

Set  oflE  V20F  =  5-87  and  v^F^  =  6-72,  and  join  FF^,  giving  the  true  closing 
line  to  satisfy  the  necessary  conditions. 

The  next  step  is  to  find  the  closing  line  to  the  neutral  surface  curve  of  the  arch 
regarded  as  an  equilibrium  polygon,  due  to  some  system  of  loading  not  given,  so  as 
to  satisfy  the  conditions  2if  =  0  and  2(Jf .x)  =  0. 

Suppose  KKi  is  this  closing  line,  then  since  the  curve  is  symmetrical  the 
resultant  of  the  ordinates  from  the  hne  AB  (joining  the  ends  of  the  neutral  surface 
line)  to  the  neutral  surface  curve  (the  y*  on  the  figure),  treated  as  forces  passes 
through  the  crown. 

Therefore  to  satisfy  the  condition  ^{M-x)  =  0  the  resultant  of  the  ordinates 
from  AB  to  KKi  must  also  pass  through  the  crown. 

This  can  only  occur  when  KKi  is  parallel  to  AB.  Therefore  in  this  case  KKi 
must  be  a  horizontal  Une.  To  satisfy  the  condition  SJlf  ^=  0  the  algebraical  sum 
of  the  ordinates  from  the  line  KKi  to  the  neutral  surface  curve  must  be  zero,  those 
measured  upwards  from  KK  being  positive,  and  those  measured  downwards  being 
negative. 

It  is  therefore  necessary  to  place  the  Une  KKi  at  a  distance  from  AB^  equal 
to  the  mean  length  of  the  ordinates  of  the  type  y. 

Since  the  neutral  surface  curve  is  symmetrical  about  the  centre,  if  we  take  the 
sum  of  the  t/*  on  one  side  of  the  centre  and  divide  by  half  the  number  of  ordi- 
nates or  the  number  of  ordinates  on  one  side  of  the  centre,  we  get  this  mean 
length — 

The  sum  of  the  ordinates  for  half  the  arch  =  44-23,  which  divided  by  10  = 
4-42  =  e,  or  the  distance  from  AB  to  KKi,  We  therefore  draw  in  KKi  parallel 
to  AB  (or  horizontal),  and  4*42  feet  to  the  scale  of  distance  from  AB. 

We  have  now  found  the  true  closing  lines  for  both  the  equilibrium  curve  and 
the  neutral  surface  curve  of  the  arch. 

Now  if  we  imagine  the  closing  line  FFi  to  be  placed  so  as  to  coincide  with 
KKu  we  should  have  two  curves  passing  through  the  arch,  the  neutral  surface 
curve  ai.  a2.  (h,  etc.,  and  that  of  the  equilibrium  polygon  61.  62-  63,  etc. 

Since  both  curves  with  their  respective  closing  lines  satisfy  the  conditions 
2iLf  =  0  and  '^{M'x)=  0,  then  the  ordinates  intercepted  between  the  two  curves, 
or  those  of  the  imaginary  type  a,6,  must  satisfy  these  conditions.  We  have  then 
one  further  condition  to  satisfy,  i.e.  that  ^{M-y)  must  be  zero  (p.  413). 

Since  the  ordinates  of  the  imaginary  type  ab  must  be  proportional  to  the 
bending  moments  at  the  various  sections,  we  have  the  condition  that  2)(a-&  x  y) 
must  be  zero, 

or  2(/6  X  y)  —  2(A;a  x  y)  =  0. 

Therefore  2(/&  x  y)  must  equal  2(ia  x  y),  'Z(ka  x  y)  may  be  written  2(y  —  e) 
y,  or  2^/^  —  e2y.       The  value  of  this  expression  is  found  from  Table  LXXVII. 

And  since  the  neutral  surface  is  symmetrical,  these  sums  need  only  be  found 
for  half  the  arch,  and  the  total  multiplied  by  two  for  the  whole  summation. 

2(/6  X  y)  must  be  found  for  the  whole  curve  &i  62  &3  •  •  •  &20,  but  the  working 
is  simplified  by  proceeding  in  the  following  manner,  considering  the  ordinates  above 
FFi  as  positive  and  those  below  as  negative.     2(/-6  x  j/)  =  [/lo&io  +  fiJ>ii}yio  + 

UA  +  /i2*ia]  y»  •  •  •  —  [/3&3  +  /ifc&Jya  —  UJ>2  +  fiA^ly^  —[fibi  +  hohol^i.    • 
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K  the  equality  2y*  —  gZy  =  2(/-6  x  y)  does  not  hold,  all  the  ordinates  of  the 

type  {f'b)  must  be  altered  in  the  ratio  of    =^^— ^,     The  original  conditions 

Mf'O   X  y) 

^M  =  0  and  ^{M,x)  =  0  remain  satisfied,  since  all  the  ordinates  are  altered  in  the 

same  ratio. 

Points  on  the  true  pressure  curve  C1.Ca.C3  .  .  .  C20  are  located  on  the  arch  ring 

by  laying  ofiE  from  KKi  ordinates  Kc,  for  which  the  general  equation  is — 

Kx  =  f.b  X  ^;— ^. 

2(/.6   X  y) 

The  working  is  shown  in  Tables  LXXVIII  and  LXXIX  on  the  diagram, 
together  with  the  distances  aiCi,  OsCa,  asCs,  etc.,  giving  the  arms  of  the  bending 
moments  at  the  various  sections. 

The  tendency  to  tensile  stress  is  at  the  intrados  for  a  positive  and  at  the 
extrados  for  a  negative  bending  moment. 

To  draw  in  the  curve  C1.Ca.C3  .  .  .  Cao,  and  to  find  the  magnitude  of  the 
thrusts,  the  true  force  polygon  must  be  drawn. 

From  Oi  draw  the  line  OiH  parallel  to  the  closing  line  of  the  equilibrium  polygon 
^^i  to  cut  the  force  line  in  H,  and  from  H  draw  a  horizontal  line  H.Oy  making 

HO  =  HiOi  X  =r^^ ^e-  =  the  true  horizontal  thrust  to  the  scale  of  loads  (vide 

Zy^  +  e2.y 

p.   413). 

The  pressure  curve  is  now  drawn  in  by  lines  parallel  to  the  rays  of  the  force 
diagram  through  the  points  CiCa.Ca  .  .  .  Cao- 

Lastly,  the  thrust  at  the  springings  is  found  by  loads  for  the  end  portions  of 
the  arch  with  the  thrusts  through  ai  and  aao-  This  can  be  done  on  the  force  dia- 
gram by  setting  off  the  respective  outer  loads  (6,682  and  6,602)  above  Pi  and 
below  P20  on  the  force  line  and  drawing  rays  from  their  terminations  to  0.  These 
outer  rays  wiU  give  the  thrusts  at  the  springings  in  magnitude  and  direction; 
consequently  if  we  produce  the  pressure  curve  lines  in  the  arch  acting  from  Pi 
through  Ci  to  the  load  line  6,682,  and  from  P20  through  Cao  to  the  load  line  5,602, 
and  from  the  points  of  intersection  draw  lines  parallel  to  the  respective  outer  rays 
of  the  force  diagram  through  the  springings,  we  complete  the  pressure  curve. 

It  must  be  remembered  that  the  bending  moment  at  any  section  is  the  hori- 
zontal  thrust  x  the  vertical  distance  between  the  curves  ai.a^.aa  .  .  .  a2o,  and 
C1.Ca.C3  .  .  .  Cao,  and  that  the  ^Art^f  at  any  section  must  be  resolved  so  as  to  act 
normuUy  to  the  radial  line  at  the  section  {vide  p.  410). 

The  working  has  been  very  fully  explained  for  this  type  of  arch,  and  the 
further  types  will  be  treated  in  less  detail,  since  if  necessary  reference  can  be  made 
to  this  type  when  anything  is  not  quite  clear.  When  the  load  covers  the  whole 
span,  if  the  trial  horizorUal  thrust  Hfi^  is  dravm  on  the  force  diagram  as  acting 
between  P^^  and  P^,  the  equilibrium  curve  for  the  loaded  half  of  the  span  in  the 
case  just  treated  can  be  used,  and  as  the  two  sides  will  be  the  same,  this  side 
only  need  be  used.  The  line  joining  the  ends  of  the  equilibrium  curve  b^A^by, 
etc.,  will  be  horizontal,  and  a  new  true  closing  line  must  be  found  for  these  con- 
ditions and  the  rest  of  the  working  follows  in  a  similar  manner  to  that  shown  in 
the  above  example.  This  also  holds  true  for  the  cases  of  the  Arch  Hinged  cU  the 
Springings  and  the  Three-Hinged  Arch. 
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Continuous  Arch  having  no  Hinges 


Fio.  406 

TABLE  LXXIV 

• 

1 

For  obt 
for  plottia^ 

Load 

Summation 

■» 

Additions  from  ri. 
left  from  Pit  itri 

Pi 

7,087 

7,087 

18,033 

p» 

2,925 

10,012 

10,946 

P3 

1,793 

11,806 

8,021 

Pi 

1,359 

13,164 

6,228 

p. 

1,051 

14,216 

4,869 

p. 

907 

15,122 

3,818 

p? 

816 

16)938 

2,911 

Ps 

751 

16,689 

2,095 

p. 

740 

17,429 

1,344 

Pio 

382 

17,811 

604 

Pu 

222 

18,033 

222 

Plj 

430 

18,463 

430 

Plj 

441 

18,904 

871 

Pm 

486 

19,390 

1,357 

Pi. 

651 

19,941 

1,908 

Pi« 

671 

20,612 

2,579 

Pit 

889 

21,601 

3,468 

Pl8 

1,243 

22,744 

4,711 

P.« 

2,165 

24,909 

6,876      1 

-Pao 

5,587 

30,496 

12,463     • 

'  VAl 


"R 


3et  t 
seal 

PCX' 


rence 
for  ' 


( 
( 
( 

1 
] 
5 
S 

€ 


374; 

Tria 

left 

»th( 


cx^ 


s 

1] 
11 

2( 
2S 
2^ 
2( 
2( 
'  2^ 

it 


20' 

to 
19S 


KXV 


Differ- 
onoe 


0-67 

2a 

0-80 

^3 

0-82 

2« 

0-74 

26 

0-65 

26 

0-66 

2? 

0-40 

28 

0-23 

29 

010 

1 

2lO 

Horizoi 

from  C 

in  BUG 


V^ 


-i? 


)et  to  the  right  of  C  D 

scale  of  distance.        | 

IXXVI  I 


:«nce  of  Ordinatee 
for  Trial  T 


0-21 
0-59 
0-98 
1-38 
1-80 
2-28 
2-81 
3-50 
4-48 
6-30 


374^46  ^374-^^0^5.  J 

Trial  T      6300  ^ 

left  of  C  D, 

i  the  right  of  O  D. 

X  125:^^  =  5-87 

20 

<l?^5  =  6-72. 
20 

kxvii 


2-496 
11-903 
17-222 
20-702 
22-763 
25000 
26010 
26-832 
27-248 
27-353 


207-519  Summatic 

to  K  Ki  from  A  B 
195-81) 


TABLE  L: 


,Jsi..AgA     -CMMM .^^mr. . ._- 


Length  of  Ordinates 


Va^a 

-  4-73 

V3^ 

-  6-28 

V464 

-  7-06 

V6&6 

-  7-53 

ve&6 

-  7-81 

«7^ 

-  7-97 

^8^8 

-  8-01 

V0&9 

-  8-06 

»io&io 

-  8-02 

2 

3 

Longth  of  OrdinatAs 

Sum 

V19619    —  4-06 

8-79 

^'is^is    "■  ^'^S 

11-7(3 

V17617    —  6-24 

13-30 

Vie^w    -  6-79 

14-32 

^16^15     —   7-16 

14-97 

^i^vK    -  7-41 

15-38 

t'i3&i3    —  7-61 

15-62 

V12&12    -  7-82 

15-87 

V61111    -  7-92 

15-94 

Summation 


125-95 


«^=eiJi?i=^=i^=6-30  to 


TABLE  L 

Horizontal  distance  from  CD  to  thn  vEa 

Diffe- 

in  succession 

from  C  D  to  V20E 

«ll 

^^ 

0-78 

2ia 

— 

2-33 

2l3 

— 

3-94 

2l4 

— 

5-55 

2l5 

— 

7-31 

2lfl 

— 

9-28 

«17 

» 

11-53 

«18 

— 

14-33 

^19 

s 

1 8-22 

^20 

— 

25-68 

Summation 

1 

>aining  ordinate 
quilibrium  curve. 


t  and 

Distances 

Pn 

between  P§ 

}         5-78 

}          3-35 

1          2-55 

\         2-09 

}          1-82 

(         1-72 

}          1-62 

I          1-55 

I          113 

1         0-78 

}          1-56 

1-62 

;          1-72 

}          1-82 

}         209 

}         2-50 

1         3-40 

5-90 

Trial  T  =  Trial  T^^ = 63000     ; 

Trial  T  acts  5*94  feet  to  the  . 
and  Trial  T^  acts  5*94  feet  t<i 

-       21   ^i2_2x5-64 


t;,i^i  = 


I9i      jB^2x6-34 
Ixli     n       11-88 

TABLE  L:? 


Length  of  Ordinates  of  type  y. 


Vi 

« 

1-58 

y2 

■» 

3-45 

yz 

. 

415 

Pi 

— 

4-55 

Vn 

« 

4-77 

ye 

. 

5-00 

3/7 

i- 

5-10 

S^8 

. 

518 

^9 

— 

5-22 

8/10 

— 

5-23 

Sum    -  44-23 


44^ 
"10 


=  4  "42 = c = ordinat  c 


2(2y*— e22/)  =  2(207-52- 
=2x11-71 
err  23-42 
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CALCULATIONS 

Arch  Hinged  at  the  Springings  (Fig.  407). 

When  an  arch  is  hinged  at  the  springings  we  have  the  conditions  that  the  curve 
of  pressures  must  pass  through  the  hinges  and  further  that  equation  [17],  p. 
413  or  2(J|f.y)  =  0,  must  be  satisfied. 

In  this  case  the  assumed  arch  has  the  same  span,  rise  and  exterior  loading  as 
in  the  previous  example,  but  we  have  selected  a  bridge  with  arcade  spandrils, 
where  the  positions  of  some  of  the  load  Unes  depend  on  the  arched  spandrils  instead 
of  the  divisions  of  the  arch  ring. 

The  depth  of  the  arch  ring  at  the  springings  has  been  made  equal  to  that  found 
for  the  crown  by  Mr.  Weld's  formula  (p.  414),  the  depth  at  the  quarter  points  has 
been  taken  as  1^  this  amount,  and  the  extrados  curve  passes  through  the  points 
so  found,  a  horizontal  line  tangent  to  the  extrados  cmrv^es  on  either  side  of  the  centre 
completing  the  arch  ring. 

The  neutral  surface  line  of  the  arch  ring  is  drawn  through  the  mid  points  of 
the  depth  of  the  arch  ring,  and  is  divided  in  the  same  manner  as  the  previous 
example. 

The  total  length  of  the  half  of  the  neutral  surface  line  is  31-12,  and  the  depths 
of  the  arch  ring  at  distances  one  foot  apart  starting  from  a  springing  are  given  in 
Table  LXXX. 


TABLE  LXXX 


Distance 
alon^  Xeu- 
tral  Surfaoe 
Line  from 

Springing 
in  feet 


Depth  of 

Arcn  Ring 

in  feet 


Distance 
along  Neu- 
tral Surface 
Line  from 
Springing 
in  feet 


' 

1 

1-29 

9 

2 

1-33 

10 

3 

1-37      1 

11 

4 

1-41 

12 

5 

1-45      i 

13 

6 

1-49 

14 

7 

1-53 

15 

8 

1-50   ; 

16 

Depth  of 

Arch  Ring 

in  feet 


Distance 

along  Neu- 

tral  Surface 

Line  from 

Springing 

in  feet 


Depth  of 

Arch  Ring 

in  feet 


1-58 

17 

1 

1-65 

1-59      i 

18 

1-64 

1-61      i 

19 

1-63 

1-62      J 

20 

1-62 

163 

21 

1-60 

1-64 

22 

1-57 

1-65 

23 

1-53 

1-66 

1 

24 

1-60 

Distance 

1 

along  Neu- 
tral Surface 
Line  from 
Springing 
in  feet 

Depth  of 

Arch  Ring 

in  feet 

25 

1-47 

26 

1-43 

27 

1-39 

28 

1-35 

29 

1-30 

30 

1-30 

31          > 

1 

1-30 

Trjdng  Si  =  2-0,  and  proceeding  as  in  the  last  example,  we  get  the  several  di- 
visions as  given  in  first  portion  of  Table  LXXXI,  the  summation  of  which  is  30-67. 
The  second  portion  of  the  Table  gives  the  adjustment  and  final  summation,  also 
the  distances  from  the  springings  measured  along  the  neutral  surface  line  to  the 
centres  of  the  divisions  giviag  the  positions  of  the  a'. 

The  P*  are  found  as  follows  :  Pao  is  taken  as  the  load  of  the  roadway,  spandril 
and  arch  ring  from  the  springing  to  the  crown  of  the  first  spandril  arch. 

The  line  of  action  of  the  load  of  the  roadway  and  spandril  arch  will  act  through 
the  centre  line  of  the  end  pier,  as  shown  by  the  dotted  line  with  an  arrow-head ; 
this  load  must  be  combined  with  that  of  the  arch  ring  to  the  centre  of  the  first 
spandril  arch,  which  brings  the  line  of  action  to  Pso-  Pi  is  found  in  the  same 
manner,  but  the  exterior  load  from  the  springing  to  the  centre  of  the  first  spandril 
arch  must  be  added  to  the  load  acting  through  the  centre  of  the  first  pier. 
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TABLE  LXXXI 


Division  of 

Neutral  Surfaoe 

Curve 


Trial. 


SlQ 


Length  of 
Division 


Adjustment 


20 

2-45 
•08 
•66 
•00 
18 
•80 
•00 
-45 


3 
3 

4- 

4' 

3 

3 

2 


2  05 


30-67 


Length  of 
Division 

Summation 

Distance  from 
Springing  to  Centres 
of  Divisions 

203 

203 

1-01 

2-48 

4*51 

3-27 

3-12 

7-63 

607 

3-71 

11-34 

9-48 

406 

16-40 

13-37 

4-25 

19*65 

17-52 

386 

23-51 

21-58 

304 

26-55 

2503 

2-49 

29-04 

27-80 

208 

31-12 

3008 

Pjg,  Pjg,  Pjy  and  Pa,  P3  and  P*  act  through  the  centres  of  the  respective  piers 
and  the  magnitude  of  each  is  that  due  to  the  whole  loading  from  centre  to  centre 
of  the  respective  spandril  arches,  including  the  weight  of  the  arch  ring  itself. 

P^0  and  P5  are  each  taken  as  the  total  loads  between  the  centre  of  spandril 
arches  nearest  to  the  centre  to  the  vertical  sections  at  ais  and  a^  and  act  at  the 
centres  of  gravity  of  the  respective  loads. 

The  remainder  of  the  P*  are  taken  between  the  vertical  sections  at  the  a*  and 
acting  at  the  mid  points  between  them,  Pn  and  Pio  being  taken  between  an  and 
aio  and  the  crown.  The  loads  are  given  in  Table  LXXXII  on  the  diagram,  together 
with  the  summation.  The  loads  P  are  laid  oflF  as  before  on  the  vertical  force  line 
to  the  left  of  the  diagram.  A  trial  thrust  of  30,000  pounds  is  assumed  in  this  case, 
acting  between  Pio  and  Pu  or  through  the  crown  €«id  the  equilibrium  polygon 
ii  .62.63  .  .  .  &30  IB  drawn  as  before.  The  checking  is  accomplished  in  the  same 
manner  as  before,  the  horizontal  line  in  this  case  passing  through  Pjo  and  Pu. 

The  equilibrium  polygon  is  continued  to  cut  the  vertical  lines  dropped  from 
A  and  B  at  Ai  and  Bi, 

Join  AB. 

Since  the  pressure  curve  must  pass  through  the  hinges  at  the  springings  AiBi 
is  the  closing  line  of  the  equilibrium  polygon,  drop  verticals  through  a1.a2.a3  .  .  . 
a2o,  cutting  the  polygon  at  61.62.63  •  .  .  620,  and  the  line  -4i-Bi  at  t;i.t;2.V3  .  .  .  Vao- 
Now  suppose  the  line  AtBi  to  coincide  with  the  line  AB,  The  condition 
^{M.y)  =  0  must  be  satisfied,  but  since  the  bending  moment  at  any  section  =:^the 
horizontal  thrust  x  the  vertical  distance  between  the  two  curves  {vide  p.  410), 
we  get  the  condition  2[(a.6)  x  y]  =  0.  If  we  call  the  ordinates  between  AB  and 
a1.a2.a3  .  .  .  a2o  ordinates  of  the  type  y,  vJ)x,V2b2.V:J)z  .  .  .  ^20620  ordinates  of 
the  type  yb. 

The  condition  2[(a.6)  x  y]  =  0  becomes 

^(Vb  —  y)y  =  0. 

The  ordinates  {y^  —  y)  varying  in  sign  according  as  y^  or  ^  is  the  greater. 
The  above  equation  may  be  written — 
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If  this  equiJity  does  not  hold  good,  all  the  oidinates  of  the  type  y^  must  be 
altered  in  the  ratio  y  "  ■    to  locate  the  true  pressure  curve,  or  generally— 

By  plotting  the  values  of  y^  thus  found  from  the  line  AB  on  the  verticals  through 
Hi^Ot'Ch,  etc.,  points  on  the  true  pressure  curve  C1.Ca.C3  .  .  .  C20  are  located.  The 
working  is  shown  in  Table  LXXXIII  on  the  diagram,  together  with  the  distances 
ai.Ci,  a2.C2,  a3.C3,  etc.,  giving  the  arms  of  the  bending  moments  at  the  various  sections. 
The  tendency  to  tensile  stress  is  at  the  intrados  for  a  positive,  and  at  the  extrados 
for  a  negative  bending  moment.  To  obtain  the  true  horizontal  thrust  and  to  be 
able  to  draw  the  true  force  diagram  for  obtaining  the  thrusts  and  drawing  in  the 
pressure  curve  on  the  arch  ring,  draw  from  the  trial  pole  Oi  a  Une  OxH  parallel  to 
AiBiy  cutting  the  force  line  at  H,  and  from  H  draw  a  horizontal  line  H.O,  making 

HO  =  HiO,  X  -^^.     Then  0  is  the  true  pole,  and  H,0  measured  to  the  scale  of 

forces  is  the  true  horizontal  thrust,  in  this  case  36,000  pounds.  Lines  parallel  to  the 
TSkys  are  drawn  through  the  points  C1.C2.C3  .  .  .  Cjo  on  the  arch  ring,  giving  the  true 
pressure  curve  and  the  lengths  of  the  several  rays  on  the  force  diagram  measured 
to  the  scale  of  forces  give  the  several  thrusts.  The  outer  rays  of  the  force  polygon 
give  the  magnitude  and  direction  of  the  thrusts  at  the  springings. 

It  must  be  remembered  that  the  bending  moment  at  any  section  is  the  hori- 
2ontal  thrust  x  the  vertical  distance  between  the  curves  a1.a2.a3  .  .  .  aao  and  C1.C2.C3 
.  .  .  C20,  and  that  the  thriLst  at  any  section  must  be  resolved  so  as  to  act  normally 
to  the  radial  line  at  that  section  {vide  p.  410). 


Three-Hinged  Arch  (Fig.  408) 

The  following  method  was  adopted  in  designing  the  arch  ring  for  this  type— 
The  depth  at  the  crown  and  springings  is  the  same  as  that  found  for  the  crown 
of  the  continuous  arch,  i.e.  15  inches,  the  depth  at  the  quarter  points  being  double 
this  amount.  The  radius  necessary  for  a  segmental  curve  having  the  same  rise  and 
span  as  the  proposed  arch  is  found,  and  the  centre  for  this  curve  is  plotted  on  a 
vertical  Une  through  the  crown.  Radial  lines  are  then  drawn  from  this  centre 
through  the  springings,  and  the  thickness  of  the  arch  ring  laid  ofiE.  From  the  mid- 
point of  this  thickness,  a  distance  of  2  inches  was  set  off  perpendicular  to  the  radial 
line  to  give  the  centre  of  the  hinges  at  the  springing. 

.    The  hinge  at  the  crown  was  next  placed  at  half  the  depth  of  the  arch  ring,  and 
thus  three  points  were  fixed  on  the  neutral  surface  line. 

The  radius  for  a  segment  passing  through  these  points  was  then  found,  and 
the  centre  from  which  it  is  struck  plotted  on  the  vertical  line  through  the  crown. 
Next  a  distance  of  2  inches  was  laid  off  on  the  intrados  and  extrados  on  each  side 
■of  the  crown.  The  points  thus  found  on  the  intrados  were  then  joined  to  the 
-springings  on  either  side,  as  shown  on  the  diagram.  These  lines  were  then  bisected 
and  lines  drawn  through  the  points  thus  found  and  the  centre  for  the  neutral  sur- 
face curve.  The  centres  for  the  segmental  curves  for  the  extrados  and  intrados 
must  be  on  these  lines.    The  arch  ring  being  double  the  depth  at  the  springings 
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or  crown  at  the  quarter  points,  the  mid-points  on  the  extradoB  and  intrados  curves 
are  laid  oflF  from  the  neutral  surface  curve,  and  the  length  of  the  radii  were  found 
in  the  usual  way  from  the  span  and  versed  sine  of  these  curves. 

The  total  length  of  the  half  neutral  surface  curve  is  33-45  feet,  and  the  depths 
of  the  arch  ring  at  distances  one  foot  apart,  conunencing  from  the  springing  scaled 
off,  and  the  divisions  of  the  neutral  surface  curve  were  found  as  before  described 
to  be  those  given  in  the  following  Table. 


TABLE  LXXXVI 


Trijil 

Adjustment 

Division  of 

Neutral  Surfaoe 

i 

Distance  from 

Curve 

Len^h  of 
Division             i 

Length  of 
Division 

Summation 

Springings  to  Centre 
of  Divisions 

giving  o* 

Si 

100 

101 

101 

0-50 

s. 

1-44 

1-46 

2-47 

1-74 

S3 

200 

203 

4-50 

3-48 

«« 

3-50 

3-54 

804 

6-27 

Ss 

513 

518 

13-22 

10-63 

Se 

6-94 

701 

20-23 

16-72 

S7 

613 

518 

25-41 

22-82 

Sb 

350 

3-54 

28-95 

2718 

s. 

2-00 

203 

30-98 

29-96 

Su 

1-44 

1-46 

32-44 

31-71 

Sn 

1-00 

lOl 

33-45 

32-94 

3308 

This  gives  a  division  of  the  arch  into  22  parts  instead  of  20,  as  in  previous  cases. 

The  P*  are  taken  at  the  mid-points  between  the  a*  excepting  at  the  crown, 
where  they  are  taken  one  on  each  side,  midway  between  the  centre  and  an  and  at2> 
and  at  the  springings,  where  the  P*  are  taken  midway  between  the  outside  of  the 
spandrils  and  a,  and  a22- 

By  a  coincidence  the  lines  of  action  of  Pi  and  P24  pass  through  the  hinges.  In 
this  case  the  weight  of  the  concrete  for  the  arch  is  taken  at  156  pounds  per  cubic 
foot,  that  of  the  spandrils  at  140  pounds  per  cubic  foot,  and  the  weight  of  the 
filling  over  the  spandrils  and  of  the  roadway  are  both  taken  as  100  pounds  per 
cubic  foot. 

This  gives  the  equivalent  load  line  as  shown  on  the  diagram,  with  the  several 
loads  reduced  to  165  pounds  per  cubic  foot. 

The  loads  P  are  found  as  described  previously,  the  moving  load  on  the  right- 
side  being  added  to  the  similar  P'  found  for  the  left  side  to  obtain  the  values  of 

Jr\±2   •   •    •   ■*  ia» 

The  loads  are  laid  off  on  the  vertical  to  the  left  of  the  diagram,  the  force  dia- 
gram and  equilibrium  polygon  for  an  assumed  horizontal  thrust  of  30,000  pounds, 
acting  between  P12  and  P13,  being  drawn  as  described  before.  The  verticals 
through  the  a*  are  then  dropped,  giving  points  on  the  equilibrium  polygon  bibj>3. 

•  .  .  &22  And  t;i  172^3  •  •  •  t;22- 

Now  since  the  pressure  curve  on  the  arch  ring  must  pass  through  the  three 
hinges,  all  that  is  necessary  is  to  scale  the  respective  lengths  of  CD  and  CxD^^  and 
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1 

TARTiE  LXXXII 

1 

Summation 

1 

1,055 

1,055 

2,440 

4,305 

2»390 

6,785 

2,275 

0,060 

■ 

3,715 

12,775 

2,420 

15,105 

1,805 

17,000 

1 

1,400 

18,400 

1,120 

10,520 

505 

20,025 

285 

20,310 

660 

20,970 

840 

21,810 

1,125 

22,035 

1 

1,620 

24,555 

1 

2,655 

27,210 

1,635 

28,845 

1,755 

30,600 

1,800 

32,400 

1,455 

33,855 

TABLE  LXXXITT 


Length  of 
Ordinates 


yi6i    I- 

V3&3  - 

V4&4  - 

Vr&s  - 

v«6«  - 

Vjhf  - 

vj>9  - 

Vn&ii  - 

V12612  — 

t^ie&i6  - 


0-56 
1-73 
3  05 
4-36 
5-63 
6-57 
716 
7-48 
7-62 
7-60 
7-38 

719 
6-91 
6-46 
6-75 
4-83 
2-68 
2-50 
1-40 
0-48 


.on 


Column  1 
squared 


0-22 
1-69 
515 
1102 
18-49 
26-22 
3238 
36-24 
37-21 
37-68 


206-20 
X    2 


412-4 -2y« 


Column  1 

X 

Column  2 


0-26 
2-25 
6-92 
14-48 
2421 
33-64 
40-74 
45-03 
46-87 
46-98 
45-24 

43-86 

41-60 

36-76 

29-44 

20-77 

12-22 

5-67 

1-82 

0-23 


Col. 


Ve 
2x0-83 


496-99 -Zyx  2^ 


0-47 
1-44 
2-63 
3-62 
4-67 
5-45 
5-94 
6-21 
6-24 
6-23 
613 

5-97 
5-74 
5-38 
4-77 
4-01 
305 
2*08 
1-16 
0-40 


Difference 

Column  1 

and  Column  6 

giving  arms 

of  bending 

moments 


+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 


000 
0-14 
0-26 
0-30 
0-37 
0-33 
0-25 
0-19 
0-14 
0-10 
000 

013 
0-28 
0-31 
0-35 
0-29 
0-27 
019 
0-14 
0-07 


f*       497 

r^=  T|-^  =  l-2  and  1-2x30,000= True  horizontal  thrust =36,000  potmds. 


1      412-4 
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CALCULATIONS 

if  they  are  not  the  same  to  alter  the  ordinates  vJ)i.V2b2.V2bz  .  .  .  t;22&22  in   the 

..       .   CD 
ratio  of . 

The  revised  lengths  thus  found  must  then  be  laid  off  from  the  line  AB  joining 
the  hinges  at  the  springings  to  give  points  on  the  true  pressure  curve.  To  find  the 
true  pole  and  horizontal  thrust  for  the  force  polygon, 

Draw  the  line  OiH  parallel  to  A^Bi  to  cut  the  force  line  at  H,  and  from  H  draw 

C  D 
a  horizontal  line  HO^  makincr    HO  =  HiO^  x  — — ^. 

CD 

Lines  drawn  through  the  points  C1.C2.C3  .  .  .  C22  parallel  to  the  rays  P^Pi^ 
PiPz  .  .  .  ^23^2  4  will  give  the  true  pressure  curve,  when  the  sharp  bends  are 
rounded  off  as  shown  by  the  full  line  C1.C3.C3  .  .  .  C22. 

The  outer  rays  of  the  force  diagram  give  the  direction  and  magnitude  of  the 
thrusts  at  the  springings,  and  the  magnitude  of  the  thrusts  at  the  several  points 
C1.C2.C3  .  .  .C22  on  the  arch  ring  are  given  by  the  lengths  of  the  rays  PiP2.P2P8* 
PzP^  .  .  .  P23P24  of  the  force  diagram. 

The  Tables  on  the  diagram  show  the  working. 

Temperature  Stresses. — It  is  advisable  to  check  the  structure  as  designed 
to  see  if  it  has  sufficient  resistance  to  withstand  the  stresses  induced  by  changes 
of  temperature.  A  change  in  temperature  above  or  below  the  normal  or  the  tempera- 
ture at  which  the  arch  was  finished  produces  a  virtual  change  of  span. 

If  we  suppose  the  greatest  deviations  above  and  below  the  mean  tempera- 
ture as  -f-  ^°  and  — 1°,  a  fall  in  temperature  tends  to  shorten  the  span  and  a  rise 
to  lengthen  it,  but  a  change  of  span  is  resisted  by  the  abutments,  except  in  the 
case  of  a  three-hinged  arch,  where  there  are  no  stresses  due  to  temperature.  It 
will  therefore  be  seen  that  a  rise  of  temperature  will  cause  compressive  strains 
and  a  fall  tensile  strains. 

The  stresses  due  to  a  rise  or  fall  of  temperature  always  act  along  the  closing 
line  of  the  neutral  surface  of  the  arch  considered  as  a  force  polygon.  It  will  not 
alter  the  effect  if  we  replace  this  force  (say  H^)  by  a  force  in  the  same  direction 
and  magnitude  acting  at  the  springings  or  the  extremities  of  the  neutral  surface 
curve  and  a  couple  formed  of  forces  of  the  same  magnitude  and  direction  with 
a  lever  arm  equal  to  the  distance  of  the  closing  Une  from  the  line  joining  the  extremi- 
ties of  the  neutral  surface  curve,  or  (e),  page  421 .  If  we  denote  the  span  of  the  neutral 
surface  curve  by  JL,  the  expansion  and  the  contraction  due  to  a  change  of  one  degree 
of  temperature  by  e  =0-000006  (page  218),  we  get  L  e  t^  as  the  change  in  length 
of  the  span.  As  the  arch  may  be  considered  symmetrical  we  need  only  consider 
one-half,  as  the  stresses  in  the  other  half  due  to  change  of  temperature  will  be 
exactly  the  same. 

We  have  now  the  condition  that — 

=  „   ^ =r  2  (ka)  X  y. 

2  Ell,  +  ml,]  ^       ^ 

Therefore,  Z  e  ^  =  ^,,^f^     ,,  2  (ka)  y.  [1] 

Where  7^  and  I,  are  the  respective  moments  of  inertia  of  the  concrete  and 

E 
reinforcement,  E^  =  co-efficient  of  elasticity  of  the  concrete,  and  m  =  — ^  =  16, 

Eg  may  be  taken  as  2-067  x  10*  pounds  per  square  inch. 
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From  equation  [1]  we  get — 


[21 


The  ordinates  of  the  type  (fa»)  for  a  continuous  arch  =  (c  —  y). 

We  know  the  values  of  E^  [/^  +  m  I^  and  of  i  €  t^.  The  summation  2  [{ha)  x  y] 
=  2  y*  —  e  2  y.  We  have  only  to  find  the  values  for  the  ordinates  of  the  tjrpe  y  to 
find  the  value  of  2  y^  —  e  2  y.  It  is  well  to  divide  the  half  span  into  an  even 
number  of  as  many  equal  parts  as  can  be  conveniently  done  for  temperatoie 
stresses,  say,  20  to  30. 

Having  found  H^  we  can  find  the  moment  produced  by  the  temperature  changes 
at  any  point  along  the  arch  ring  and  add  this  to  the  moment  foiind  previously, 
checking  by  the  formulae  for  direct  stress  and  bending  combined,  allowing  the 
usual  resistances  for  the  materials.  The  moments  due  to  temperature  have  a 
different  sign  as  the  line  k  k  va  above  or  below  the  neutral  surface  curve. 

When  the  arch  is  hinged  at  the  springings  only,  when  hinged  at  the  spring- 
ings  H^  acts  along  the  line  joining  the  hinges,  and' the  value  of  J?^  and  its  moments 
are  altered  accordingly  ;  the  summation  in  the  denommator  of  equation  [2]  becomes 
therefore   2   (y*). 


CALCULATIONS  FOR  PIECES  SUBJECTED  TO  BENDING  AND  DIRECT 

STRESSES  COMBINED  ^ 

General  Remarks. — Pieces  subjected  to  stresses  of  this  nature  are  usually 
arches,  although  other  pieces  may  be  also  stressed  in  the  same  way,  as,  for  instance, 
columns  under  eccentric  loading  and  compression  pieces  under  the  effects  of  wind 
pres3\ire. 

There  are  two  cases  which  must  be  considered — 

1.  When  only  one  kind  of  stress  is  produced,  as  in  the  case  of  a  column 
with  a  load  bearing  slightly  out  of  the  centre,  or  an  arch  in  which  the  line  of 
pressures  lies  well  within  the  arch  ring. 

2.  When  the  piece  is  stressed  in  both  tension  and  compression. 
The  usual  cases  met  with  in  practice  are  those    in  which 

the  main  stresses  are  compressive,  and  in  the  foUowing  such  a 
disposition  will  be  assumed. 

When  only  Compressiye  Stresses  are  produced  and  the 
Reinforcement  is  of  small  Sectional  Area  and  Depth  and 
at  both  sides  of  the  piece. — In  this  case  we  have  a  thrust  T 
acting  at  the  neutral  surface  and  a  bending  moment  M,  Under 
the  effect  of  these  the  section  A  B  (Fig.  409)  may  be  supposed 
to  take  up  position  A2  -B3,  while  A  A^  and  B  B^  represent  the 
minimum  and  maximum  compressive  stresses  in  the  concrete 
?i  and  C2. 

As  seen  from  Fig.  409 — 

The  thrust  T  =  c?6{ci -f  ^(ca  —  d)}  +/.ft,,  +  /^«, 

=  -TT  (C2  +  Cy)  +  /fl  <»a  +  U  »!• 


Fio.  409 


[1] 


*   Fide  p.  410. 
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1222 
11-48 


=  1064 


» 

Load 

Summation 

1 

1 

poundB 

pounds 

I — 

1,442 

1,442 

1 

1,882 

3,334 

2,657 

5,881 

■ 

3,986 

9,867 

5,729 

15,596 

6,811 

22,407 

( 

6,116 

27,522 

2,993 

30,516 

1,628 

32,143 

1,001 

33,144 

631 

33,776 

321 

34,096 

201 

34,297 

391 

34,688 

641 

36,329 

1,088 

36,417 

2,133 

38,660 

3,976 

42,626 

5,711 

48,236 

4,989 

63,225 

3,546 

56,771 

2,297 

69,068 

1,702 

60,770 

1,302 

62,072 

-liJ^=094  and  094  x  30,000=28,200  pounds = True  Horizontal  Thrust. 

*~  1  o>oo 


12-22 


TABLE   LXXXV 


Product 

Length  of 

Multiplied 

Ordinate  from 

Ordinate 

by 

il  B  to  pressure  curve 

1 

048 

1064 

0-61 

1-32 

»» 

140 

1 

2-60 

»t 

2-76 

' 

446 

• 

4-72 

6-90 

ft 

7-34 

946 

•» 

1004 

10-90 

» 

11-68 

11  43 

99 

12*16 

1 

11-65 

*9 

12-30 

11  50 

9$ 

12-24 

11  48 

99 

12-22 

1145 

>» 

12-16 

1 

11-35 

>» 

1207 

1 

1122 

»» 

11-93 

' 

1090 

» 

11-59 

1 

1018 

»» 

1082 

1 

8-60 

»t 

914 

6-28 

99 

6-67 

406 

»» 

4-29 

232 

f» 

246 

120 

>l 

127 

040 

»* 

042 
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The    bending    moment    M  =  i{c2  —  Ct)d  x  (i  —  i)  d  x  h  +  f^ w^  v^—  /^ w^v^, 

=  tV  (Ca  — C,)  d^h  +  /,  CO,  I/,  —  /^  o)^  I/,.  [2] 

To  find  the  values  of  /,  and  /,,  it  will  be  seen  from  Fig.  409  that  the  hypo- 
thesis of  the  conservation  of  plane  sections  gives  us — 


Since  DDa  =- 


BB^  X  AD 


AB 


DDi  =  AA2  + 


BBs  X  AD 
AB 


we  have  then — 


but  DD,  :AA,:BB,  =  A:  ^  :  -^^-—±\ 

Ef     E^         E^ 

also  AD  = Vs  and  AB  =  d. 

2         ' 


and  similarly — 
/.  =  »» 


Substituting  [3]  and  [4]  in  [1]  and  [2]  we  get — 

(Cj  +  c,) 


T  =  ^(c.  +  cO  +  mh^y^  +  (c,  -  cx)  3'[«, 


5 
d 


+  m 


^<^L+^  -  (c,  -  cO.|t 
2  d 


00  s 


T  = 


Ca  -{-  Ci 


d6  +  m(a>,  +  ^t) 


'  +  (Ci  —  C,)^U^  v^ -^  (a^v^ 


and — 


Jlf  =  i  (c,  -cOd«6+m[i^i±ii)+ 


(Ca  —  Ci)^''Im),»,  —  mJ 


(Cj   +  Ci) 


(C,  +  Ci) 


mK^,  —  tt),!/,). 


[3] 


[4] 


[5] 


[6] 


When  Cj  =  0,  i.e.  at  the  limit  when  the  whole  piece  is  in  compression  and  when 


r  =  e.[| 


db  +  m(<»g  +  ^c)  i    ■  ^'^ 


and- 


^  =^  U  i2d  }  +  T  <-••  -  '"'U' 
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and  ^  =  -  ■  ^*  -M27n-»K_+  <», )_+  QdmH^,  -_^,)  r,, 

T         6         d-b  +  md{a'^' +  w,) +'-2mi'{u-^  — ->,] 

If  ",  and  c,  are  not  equal  the  equation  [7]  must  be  altered  by  bringing  r,  aod  r, 
inside  the  brackets. 

I(  the  reinforcement  w  symmetrical  w,  =  w,  find  f,  =  c,  and  we  get — 

r  ^  c^+^  (^  ^  2wi<«),  [8] 

and  M  =.  '-^(^,1  +  2m«.'),  [9] 

ond   wAen  Ci  ^  o 


6rf        dh  -\-  2ma> 


[10] 


When  Tensile  Stresses  are  Induced,  the  Reinforcement  being  of  small 
Sectional  Area  and  Depth,  and  at  both  sides  of  the  piece 
When  this  dispoeition  occurs,  we  shall  have  (Fig.  410) — 
T  =  ^ciib  +  wJ^-w,f^,  [11] 

M  =  -^cnb  (j-j^  )+/,",".  +  /,<","„  [12] 

«uid,  as  in  the  case  of  piece  subjected  to  simple  bending — 

.  (u—a) 

l^cm^—-L,  [13] 

u  ■• 

Substituting  [13]  and  [14]  in  [U]  and  [12]— 

^  =  W[l"'''  +  ""'"*«'"  -  "'  -"'.[''-(''  +  ^3)]}  ].  I»51 

^"^[i"'*  (i~l")  +"'K("-«)''«  +  "'.[<^-("+i8)]  ^',}],    [16] 

^oiik  a  symmetrical  reinforcement — 

%  ^  to,  and  fj  :^  v,. 
We  get  therefore — 

And  SB  (»  —  o)  +  (i  —  (t»  +  ft}  =  i  —  (a  +  /3)  =  2  !._ 


[H] 


CALCULATIONS 

When  the  Reinforcement  is  only  on  one  Side 

If  the  curve  of  pressures  remains  always  on  one  side  of  the  neutral  surface 
of  an  arch,  one  reinforcement  may  be  sufficient. 

We  have  then  for  the  case  where  the  whole  arch  is  in  compression,  by  retain- 
ing the  reinforcement  under  the  greatest  compression  and  eliminating  that  which 
tends  towards  tension — 

T  =  ^^+^^   (db  +  mag  +  (C2  -  CO  ^  0,,  .„  [19] 

2  a 


jjf  —  (gg  —  ^i) 


±d%+  mco,.,^|  +  -^+-^m(o,.„  [20] 


and/zizm/^-^?L±^  +  (c, -ct)4l.  [21] 

And  for  the  case  when  part  of  the  arch  is  in  tension,  retaining  the  reinforcement  on 
this  side — 


T  =  l{i.^6_«.,|. 


[22J 


Jlf  =  5-|i«*&(|-l«)+m<«,(d-(«  +  ^)}r,],  [23] 

and  /  =  cm  {^-(''  +  ^^)  .  [24] 

u 

In  all  these  formulae  the  curve  of  pressures  is  supposed  to  be  passing  below 
the  neutral  surface  of  the  piece  as  shown  in  the  figures,  but  the  same  formulae 
win  of  course  apply  if  it  passes  above,  the  piece  being  considered  as  reversed. 

Use  of  the  above  formulae.  When  the  reinforcement  is  symmetrical,  and  we 
require  to  use  these  formulae  to  check  a  piece  of  given  dimensions,  we  proceed  as 
follows — 

Taking  the  value  of  w  as  16  we  first  try  whether  the  piece  is  subjected  to 
tension,  using  equation  [10],  which  becomes — 

31        1     d^b  +  SeOcou^ 

T        6d       db  +  30a> 

M 
If  —  is  equal  or  less  than  the  value  in  equation  [26],  we  know  that  there  will 

be  no  tensile  stresses,  and  we  proceed  to  find  the  values  of  c  and  /  under  these 
conditions. 

We  have  from  [8]  and  [9] — 

2T 

Ca  +  Ci  = 

d6  +  30ft) 

\2Md 
and  Ca  —  Ci  =- 


d^b  +  360ft)j/2 
From  which  we  get — 

Ca  = 9  [26] 

db  +  SOo)       d^b  +  360ft)»/2  ^     ^ 
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and — 

By  inserting  the  values  thus  found  for  Ca  and  Ci  in  [3]  and  [4],  and  as  the  rein- 
forcement is  sjonmetrical,  replacing  v^  and  v^  by  v,  we  find  the  values  of  /,  and  /^ 

If  we  find  from  equation  [25]  that  tensile  stresses  will  be  produced,  we  must 
find  the  value  of  u. 

From  equation  [15]  we  get,  since  the  reinforcements  are  symmetrical — 

_  Tu 

^  ""  iM«6  +  15«{(?i— a)  —  [d  —  (ti  +  ^)]} '  f ^^^ 

and  from  equation  [  1 6] — 

Mu 
c  = 


I'^'Kj  "  i"")  +  ^^""^  ^^"^  -  a)  +  [d  -  {u+  iS)]} 

and  since  these  two  values  of  c  must  equal  one  another,  we  get — 

T  M 


[29] 


[30] 

Substituting  the  various  values  we  get  an  equation  from  which  we  can  find  «. 

This  equation  will  be  most  readily  solved  (since  it  contains  the  cubes  of  u)  by 
inserting  several  values  of  u  and  obtaining  several  values  for  the  two  sides  of  the 
equation  and  plotting  these  on  squared  paper  to  find  the  correct  value  of  u. 

Having  obtained  u  the  value  of  c  is  deduced  from  equations  [28]  or  [29],  and 
the  values  of  /^  and  /^  follow  from  equations  [13]  and  [14],  substituting  15  for  m. 

The  values  found  for  C2or  c  should  not  exceed  400  pounds  per  square  inch  ;  unkss 
M  is  very  large  compared  udth  T  (a  condition  which  possibly  may  occur  in  some  pieces 
such  as  roof  rafters  unthout  ties),  when  c  may  be  taken  as  500  pounds  per  square  inch. 

If  it  is  required  to  determine  the  dimensions  for  a  piece  having  only  the 
values  of  M  and  T,  we  may  either  assume  values  for  d  and  for  /8  and  a  (which  have 
the  same  value),  or  assume  a  value  for  /3  and  also  the  percentage  of  reinforcement 

or  \/r  =  -- .    Where  2«  is  the  whole  area  of  the  two  reinforcements  and  d  is  the 
bd 

whole  depth  of  the  piece.    A  symmetrical  reinforcement  is  usually  employed  for 

pieces  of  this  kind. 

The  value  of  /8  may  aluxiys  be  assumed  to  be  2  inches,  since  the  reinforcement, 
being  of  small  depth  compared  with  thai  of  the  piece,  small  bars  will  be  used  and  the 
sectional  area  requisite  unll  be  made  up  by  the  closer  spacing  of  small  section  bars  as 
the  total  area  required  increases.  If  however  it  is  thought  desirable  in  the  designer's 
judgment  to  alter  this  dimension,  the  following  equations  can  easily  be  altered 
accordingly. 

If  we  assume  a  depth  d  and  a  value  for  /3, 

Then  v  =  -^  —  i8,  and  if  i8  =  2,  then  v  = 

2  2 
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«  may  be  found  direct  from  equation  [26]  by  substituting  for  c^  its  maximum 
value  (400  pounds  per  square  inch). 

The  values  thus  obtained  must  satisfy  the  expression  from  equation  [25]. 


T"  ^  6d  *     db  +  aOoT* 

If  we  assume  a  value  for  -v/^  we  have — 

,       2tt)        ,          d  —  4: 
ylf  =  --   and  v=: . 

^      bd  2 

Equation  [26]  becomes  by  inserting  these  values — 

T  6Md 


[31] 


C2  = 


db  +  156dv/r      d^b  +  456dx|.(d  —  4)^ 


or    0C2  = i— . .  132] 

rf(l  +  15\|r)       d2^46^(rf_4)t'  L 

giving  Ca  its  maximum  value  (400  pounds  per  square  inch),  and  b  its  value  (usually 
12  inches),  and  inserting  the  assumed  value  for  xf^i  we  can  solve  equation  [32]  for  d 
by  trying  several  values  for  d,  and  plotting  the  values  for  each  side  of  the  equation 
on  squared  paper,  and  finding  the  intersection  of  the  respective  curves. 

Having  obtained  the  value  ot  d,  w  is  obtained  from  the  equation  «  =  Y^^ 

The  values  found  must  satisfy  the  expression  [31]. 

If  in  either  of  these  cases  the  condition  [31]  is  not  satisfied,  we  may  reduce 
the  value  assumed  for  \f^  or  increase  the  depth  d  imtil  the  proper  values  are  found, 
Dr  we  must  consider  the  case  where  tensile  stresses  exist. 

When  tensile  stresses  exist. 
If  we  assume  a  value  for  d  and  j3,  we  get  from  equations  [17]  and  [18] — 


and — 


^""  ^  [jt^^ft  +m«((u-a)  -[d  -  (u  +^)]}] 


Assunung  as  before  that  /8  =  2  inches,  we  have  also  m=  16,  (u  —  a)  =  {u — 2) 
and  [d  —  {u  +  ^)]  =^  [rf  —  (w  +  2)],  and  v  =  -—  fi  =  -_ — ,   and    giving   c   its 

maximum  value  (400  pounds  per  square  inch). 

These  values  inserted  in  the  above  equations  give — 

—  =  lu^b  +  I5w{2u  —  d), 
c  A 

vb 


or   « =  M  .  400        2  [33] 

I5(2u  —  d) 
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and — 
Mu 

c 


r = ihCi  - 1)  +  '-'^  -  «>=J 


or — 


«  =  tt 


200 


-KM) 


[34] 


16(d  —  4)« 


The  values  of  w  from  [33]  and  [34]  must  be  the  same. 
We  have  therefore — 


200 


=  100        3  ' 


.  [35] 

(2tt— d)  (d  — 4)« 

We  know  T,  My  d  and  b  (usually  12  inches),  and  therefore  we  can  find  the  value 
of  u  from  [35]  by  trying  various  values  for  u  and  plotting  each  side  of  the  equation 
on  squared  paper  as  before  described.  When  the  value  of  u  has  been  determined, 
<o  is  found  from  [33]  or  [34],  and  /^  and  /|  from  [13]  and  [14]  by  inserting  the  values 
•{u—a)=  tt  —  2,  and  [d  —  (tt+/3)]  =  [d—  {u+2)l 

K  we  assume  a  value  for  \/^  and  jS,  we  write  as  before,  >/f  =  -—  or  «  =i  ^—, 

od  2 

Substituting  this  value  of  a>  in  [33]  and  [34]  we  obtain — 

T 


u 


>ir  =  -r"200 


ub 


[361 


16(2m— ci) 


and — 


M       vb 

Y  =  -r*  100       3^ ' 

I5d(d  —  4)« 


[37] 


We  know  T,  M,  "vf^  and  b  (usually  12  inches),  and  can  therefore  obtain  from 
[36]  and  [37]  two  equations  containing  u  and  d. 

By  trying  various  ratios  of  u  in  respect  to  d  we  find  values  of  d  of  each  of  the 
two  equations,  and  plotting  these  on  squared  paper  we  find  the  true  value  of  d  at 
the  intersection  of  the  curves  for  the  respective  equations,  and  the  true  value  of  d 
inserted  in  either  of  the  equations  [36]  and  [37]  will  give  u. 

u)  follows  from  the  equation  a>  =  ^— ,  and  /^  and  /|  are  found  as  before  from 

equations  [13]  and  [14].     If  any  other  value  than  400  is  assumed  for  c  the  equa- 
tions [35],  [36]  and  [37]  must  be  altered  accordingly. 

Pieces  with  Reinforcements  of  Large  Sectional  Area. — ^When  rein- 
forcements of  large  sectional  area  are  employed  the  reinforcements  are  always 
symmetrical.  In  this  case,  however,  both  the  depth  and  the  sectional  area  of  the 
reinforcements  must  be  taken  into  account,  and  the  resistance  of  the  concrete 
which  is  replaced  by  the  reinforcements  when  in  compression  must  be  deducted 
As  before,   (/«)  and  (/f)  will  be  taken  as  the  mean  resistance  of  the  reinforcing 
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sections,  and  (/^)  and  (/^)  as  their  maximum  resistance,  (i)  representing  their 
moment  of  inertia  about  their  centre  of  gravity. 

When  only  Compressive  Stress  are  produced  (Fig. 
411). — ^We  get  for  the  mean  stress  on  the  area  of  concrete 
replaced  by  the  reinforcement  under  greatest  compression — 

d 
Ci  +  (ca  —  Ci)  2  "*■  *' 


and  for  the  area  of  concrete  replaced  by  the  reinforcement 
under  least  compression — 

d  _ 

Cj  +  (Ca  —  Ct)  2  ~^ 

d 
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Consequently  similarly  to  equation  [1],  p.  428 — 


T=  -  (c,  +  cO  (db  -  2a,)  +  «(/,  +  A), 

and  similarly  to  equation  [2],  p.  429 — 

1 f      .  .  .  (^  +  21^) 


[1] 


M 


12 


(cj  --Ci)d*6  — «i/  ]  Ci  +  (c,— Ci) 


U 


-c.-Cc-cO^^'")] 


{fit  — Ci),. 


d 


(».+»,)+«<-/,)+-(/.-/,). 


[2] 


Jlf  =  (c-co|^rf«6- 


2v*u>  _  2% 
~d~      ~d 


.  \ 


+  «K/.  -/.)  +  -  (/.  +  U) 


And  we  have  also — 

fi 


=  m  ■{■ 


(c,  +  c) 


-(C-C.)-^}. 


U  —  m    5 h  (c,  —  Ci)  —  V, 


1         2 
f  (c»  +  Ci) 


/i  =  »»| 


) 


+  (c,  -  Ci)  ^|. 


Inserting  the  values  of  [3]  and  [4]  in  [1]  and  [2]  we  get— 


2' =  (c,  +  cO  |(-|^-«)  +  m«  I 

fT  =  (c,  +  c)  f-^ +  «(«»- 1)  I, 
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[4] 


[6] 


[6J 


[7] 
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and — 


if  =  ^^~'^^  [yJ^ - 2»»^"»  —  1)  +  2i(m  — 1)1 
M  =  <fiZl^) |i  d»6  +  2(m  -  1)  (»  -  m*)\ 


[8] 


When  Tensile  Stresses  are  produced  (Fig.  412). 

The  stress  on  the  area  of  concrete  replaced  by  the  com- 
pressive reinforcement  will  be 

h. 


c-« 


u 
and  similarly  to  equation  [11],  p.  430. 


T  =  I  c«6  -  c  ^o,  +  «(/.  -  A) 
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and  similarly  to  equation  [12],  p.  430 — 

0  f 

and  further  we  have — 


Substituting  these  values  from  [11]  and  [12]  in  [9]  and  [10]  we  get — 

u\  2  J  u 


and — 


2icm 


«(3\23/  )  u  u 
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[10] 


A  =  cm  (^),  [11] 

fc  =  cm ,  [12] 

u 

1^=cm^!^K  [13] 

u 

U^  =  cm  (-^.  [U] 

u 


T  =:-  \-u'^h  +  coA,(m  —  1)  —  mwA<  1 ,  [15] 


[16] 
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PROFESSOR  MELAN'S  SEMI-EMPIRICAL  CALCULATIONS  FOR  ARCHES 

It  may  be  interesting  to  give  the  semi-empirical  method  adopted  by  Prof. 
Melan  in  the  calculations  for  arches  on  his  system. 

The  deformation  of  an  elastic  arch  due  to  the  bending  moment  M  is  propor- 
tional to ,  where  E  is  the  coefficient  of  elasticity  and  /  the  moment  of  inertia  of 

EI 

the  section. 

Prof.  Melan  neglects  the  influence  of  the  tangential  stresses  T,  and  assumes 
that  the  load  which  acts  on  a  section  of  the  arch  is  divided  between  the  concrete 
and  metal  in  the  proportion  of  the  expressions  E^  I^  and  E^  Ip  where  the  c  and  / 
refer  to  the  concrete  and  reinforcement  respectively. 

He  therefore  considers  the  ratio  of  the  load  on  the  concrete  to  that  on  the  rein- 

W  T  W 

forcement  as— ^-^-=  a,  or  replacing  these  by  their  values  and  taking — t  as  10 — 

Eflf  E^ 

a  = -r. 

120/, 

The  concrete  then  supports  a  portion  of  the  load  equal  to  /8  = ,  and  the 

1  +  a 

remf orcement  a  portion  A  = .    If  T  and  M  are  taken  for  a  unit  width  of  the 

1  +a 

arch — 

where  8  is  the  modulus  of  section  of  the  reinforcement. 

To  find  the  values  of  T  and  M — ^if  L  is  the  span,  v  the  rise,  p  the  dead  load,  and 
w  the  live  load  per  unit  of  surface.  Professor  Melan  calculates  as  follows,  under  a 
uniformly  distributed  load. 

The  total  load  causes  a  thrust  at  the  crown — 

^_  1  (p+w)X« 
8  V        ' 

and  the  moments  are  at  the  crown  M^  =z—T{Vi  —  v), 

2 
and  at  the  springings  Mj^  =  —  ^  T  (vi  —  v), 

45  ^'12  "*"  ^'^^     ^       ,15     bd»  +  120  If 
where  v^=v+-  ^^^^  _^  ^^-  *  +jg-    (jrf  +  iOa,)t; 

If  the  load  only  extends  over  half  the  span,  the  thrust  at  the  crown 

If  the  haunches  have  sufficient  rigidity,  Prof.  Melan  considers  the  dangerous 
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sections  are  at  the  springing  of  the  loaded  side  and  at  a  point  in  the  unloaded  half 

3 

of  the  arch  situated  about  —  L  from  the  crown. 

16 


For  the  last  section  the  bending  moment  will 

Jf.  =  —  \—wL^  +  -  Ti  (vi  -  v)l, 
*  L1024  3     ^  U 


and  at  the  springing- 


Further,  on  account  of  the  relatively  great  spacing  of  the  rolled  joists  or  girders 
of  the  Melan  system,  it  is  necessary  to  also  consider  the  bending  of  the  arch 
transversely  between  the  joists. 

Professor  Melan  supposes  that,  in  this  direction,  the  arch  forms  a  slab  of  a 
span  equal  to  the  distance  between  the  joists  for  distributing  on  them  their  por- 
tion of  the  total  load.  He  calculates  the  slab  of  plain  concrete  as  a  piece  of  ordinary 
section  built  in  at  the  supports,  and  limiting  the  stress  as  460  pounds  per  square 
inch.  This  condition  gives  him  a  relation  between  the  thickness  of  the  arch  and 
the  spacing  of  the  joists. 


CIRCULAR  OR  ANNULAR  SECTIONS  UNDER  DIRECT  COMPRESSION 

AND  BENDING  COMBINED 

The  treatment  for  structures  of  this  nature,  which  include  telegraph  poles, 
chimneys,  standpipes,  etc.,  has  been  investigated  by  the  Engineers  of  the  Expanded 
Metal  and  Corrugated  Bar  Company,  of  St.  Louis,  U.S.A.,  who  have  established  an 
English  branch  under  the  name  of  the  Indented  Steel  Bar  Company  at  Queen 
Anne's  Chambers,  Dean  Farrar  Street,  Westminster.  Tlus  investigation,  which  is 
mainly  the  work  of  Mr.  A.  E.  Lindau,  Assoc.M.Soc.Am.C.E.,  is  given  in  the 
pamphlet  published  by  this  company,  and  has  been  adapted  to  the  treatment  of 
the  subject  given  below. 

Solid  Circular  Section  (Fig.  413). 

72=  the  radius  of  the  outside  of  the  section  in  inches. 

r  =  the  radius  to  the  centre  of  the  reinforcement  in  inches. 

,  t  =■  the  thickness  of  reinforcement  considered 

-     as  a  continuous  shell  in  inches. 

u  =  the  distance  from  the  neutral  axis  to 
the  extreme  fibre  in  compression  in  inches. 

(h  —  u)  =  the  distance  from  the  neutral  axis 
to  the  centre  of  the  reinforcement  in  inches. 

y  =  the  distance  from  the  neutral  axis  to  the 
centre  line  of  the  section  in  inches. 

Cf,  =  the    maximum    allowable   compressive 
stress  in  pounds  per  square  inch  in  the  concrete, 
due  to  flexure. 
f^=  the  maximum  allowable  tensile  stress  in  pounds  per  square  inch  in  the 
xeinforcementy  due  to  flexure. 
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C  =  the  total  compressive  resistance  to  flexure  of  the  concrete, 

F  =  the  total  tensile  resistance  to  flexure  of  the  reinforcement. 

The  diameter  of  the  section  must  be  found  by  giving  a  value  to  the  allowable 
stress  in  the  concrete  under  direct  compression,  which  should  be  considerably  less 
than  500  pounds  per  square  inch  to  allow  sufficient  resistance  against  the  bending 
stresses.  260  pounds  per  square  inch  may  betaken  for  a  first  trial,  but  this  must 
naturally  depend  on  the  ratio  of  the  bending  moment  to  the  direct  compressive  load. 

(For  heavy  loads  it  may  be  necessary  to  use  reinforcement  for  the  resistance  of 
the  direct  compression,  but  in  this  case  the  bending  moment  will  generally  be  slight 
and  the  value  for  c  in  equation  [5],  p.  337,  can  be  taken  fairly  high.) 

If  c  is  the  maximum  compressive  stress  in  pounds  per  square  inch  in  the 
concrete  due  to  direct  compression,  and  the  safe  stress  on  the  concrete  is  500 
pounds  per  square  inch — 

Cj  =  500-c  [1] 

The  safe  tensile  stress  in  the  reinforcement  will  be  15,000  pounds  per  square 
inch  as  before.     If  a  reinforcement  is  added  to  resist  the  direct  compression,  and 

/j,  =  16,000  + 15c.  [2]a 

If  no  such  reinforcement  is  employed 

/j  =  15,000.  [2]6 

The  relative  deformations  under  flexure  of  the  outer  fibre  of  the  concrete  under 
compression  and  the  reinforcement  under  maximum  tension  when  subjected  to 
bending  will  be— 


m 


=  -— ^  =  15  as  before — 


"-^  X  m  or  -*-  X  15. 
/*  lb 


We  have  therefore — 


U         __  I.J 


{h  —  u)       U 
When  there  is  no  reinforcement  to  resist  direct  compression  equation  [3] 
becomes — 


U  _     Cft 


We  have  further — 


{h^u)      1000 
u       R  — y 


[3]6 


{h—u)       r-\-y 
from  equations  [3]  and  [4]  we  get — 

R  _  15:^  r 


[*] 


y= ^  [5]a 

1  +  15-^ 
lb 


which  becomes,  when  there  is  no  reinforcement  to  resist  direct  compression — 

R  — 


Cb 


1000  rirnv 

y= .  [5]t 

1000 
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Assume  the  ratio — 

u=p,(Ii  +  y).  [61 

we  have  also  from  Fig.  413 

u  +  {Ii+y)  =  2R.  [71 

Consequently — 

Also  from  Fig.   413 


R-u=ij.  m 


ere 


o-/a        Q20        030        o-^      o^        o€e         070       Mff        090        mo 
yaiuma  or  p^ 

Fio.  414 

From  equations  [8]  and  [9]  we  obtain — 
or — 

'^     B  +  y 

Similarly  in  the  case  of  the  reinforcement^^ 


tlO] 


Equation  [5]  gives  the  value  for  y,  and  equations  [10]  and  [11]  give  those  for 
/},  and  p/.    Now  from  the  computations  mentioned  above  it  was  found  that — 
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C  =  c,<j,,If  [12] 

Jf,=  c,f,.B"  [13] 

f  =  t,'P,"  [14J 

'^,  =  h't>mt>'  [15] 


Pig.  41S 
where  M,  and  M,  were  the  reBisting  inonieiitB  dae  to  the  concrete  in  oompresaion 
«nd  the  reinforcement  in  tension  reapectively,  and  ^„  (^jf,,  i^f  and  ^jq  were  co- 
«fiBcient8  depending  on  the  values  of  p,  and  fjy. 

The  values  for  these  coefhcients  are  given  in  Diagrams  Figs.  414  and  416. 
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Inserting  the  proper  coefficients  in  equations  [12]  and  [14],  and  replacing 
Ct  and  fj,  by  their  values  from  equatjions  [1]  and  [2],  we  obtain  a  value  for  C  and  a 
value  for  F  in  terms  of  <,  and  since  F  =  Cfhy  equating  these  two  values  we  can 
find  t  or — 


t  = 


h<Pfr' 


[16] 


and  since  t  is  the  thickness  of  reinforcement  considered  as  a  continuous  shell— 
(a  z=t  X  12  =  the  area  of  reinforcement  required  per  foot  of  circumference. 

This  must  be  added  to  the  area  of  reinforcement  (if  any)  required  to  resist  the 
direct  compression,  and  divided  up  into  the  requisite  number  of  bars. 

To  obtain  the  Moment  of  Resistance  we  have — 

If  the  Resisting  Moment  obtained  by  inserting  the  several  values  in  equation 
[17]  differs  appreciably  from  the  Bending  Moment  to  be  resisted,  a  further  trial 
must  be  made  with  an  altered  section 
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Annular  Sections  (Fig.  416). 

These  sections  are  generally  employed  for 
structures  which  have  only  to  support  their  own 
weight  in  direct  compression,  such  as  chimneys 
and  stand-pipes.  (The  internal  pressure  in 
standpipes  is  provided  for  by  the  circidar  hoop- 
ing.) 

In  such  cases  the  direct  compression  may  in 

general  be  allowed  to  be  resisted  by  the  concrete 

unaided  by  reinforcement,  since  if  we  assume  the 

weight  of  reinforced  concrete  as  155  pounds  per 

cubic  foot,  a  structure  having  waUs  of  the  same  thickness  for  the  entire  height  will 

156 
only  be  loaded  with  —  x  I  pounds  per  square  inch,  or — 

144 

(7=1083  /,  [18] 

where  I  is  the  height  in  feet ;  or  a  chimney  would  have  to  be  271  feet  high  before 
the  concrete  was  stressed  to  250  poimds  per  square  inch,  and  217  feet  high  when 
the  stress  in  the  concrete  is  200  pounds  per  square  inch. 

The  allowable  compressive  stress  on  the  external  fibre  of  the  concrete  for  the 
resistance  of  bending  will  as  before  be 

Cj,  =  500— c,  [19] 

and  if  R^  is  the  externttl  radius,  and  R^  the  internal  radius  of  the  section,  the  maxi- 
mum compressive  stress  at  the  internal  fibre  for  resistance  to  bending  will  be — 


Cj4  —  C^  X 


R. 


y 


[20} 


Now  we  find  the  value  of  y  from  equation  [5]6. 

The  resistance  of  the  section  is  now  found  by  obtaining  the  total  compressive 
resistance  of  the  concrete  for  a  solid  section  of  radius  R^y  and  deducting  the  total 
compressive  resistance  for  a  solid  section  of  radius  R^  or — 
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C  =  C,-Ci.  [21} 

The  value  of  p^  is  found  in  each  case  from  equation  [10]  by  substituting  the 
value  of  y  from  [5]6,  and  the  respective  values  of  B,  and  R^  and  C^  and  (7<  follow 
from  equation  [12]  by  substituting  the  proper  coefficients  from  Diagram,  Fig.  414^ 
the  values  of  Cj^  and  c^  from  equations  [19]  and  [20],  and  the  respective  values 
of  R^  and  R^. 

Equation  [11]  gives  the  value  for  p^  and  that  of  F  follows  from  [14],  and  we 
have  further — 

F  =  C=C,—C^, 

from  which  we  can  find  t  by  the  substitution  of  the  several  values. 

As  before  co=ztx  12  =  the  area  of  reinforcement  required  per  foot  of  cir- 
cumference. 

The  resisting  moment  for  the  concrete  in  compression  is  found  by  deducting 
that  for  a  solid  section  of  radius  R^  from  that  of  a  solid  section  of  radius  R^  or — 

M,  =  M^-  M^.  [22] 

M^  and  M^  are  found  from  equation  [13]  by  substituting  the  proper  co- 
efficients from  Diagram,  Fig.  414,  and  the  several  values  in  each  case.  Similarly 
Mf  is  found  from  equation  [16],  and  as  before — 

M'R  =  M,  +  Mf.  [23] 

If  the  resisting  moment  obtained  by  inserting  the  ascertained  values  in  equa- 
tion [23]  differs  appreciably  from  the  Bending  Moment  to  be  resisted,  a  further 
trial  must  be  made  with  an  altered  section. 

An  example  may  be  given  of  the  working  for  a  circular  chimney  120  feet 
high  and  4  feet  internal  diameter,  the  walls  being  12  inches  thick  at  the  bottom, 
reducing  gradually  to  6  inches  at  the  top,  the  centre  of  the  reinforcement  being  2 
inches  from  the  outer  circumference. 

At  the  bottom  R^  =  36  inches,  R^  ^=  24  inches,  and  r  =  34  inches. 

The  weight  of  the  chimney  will  be  4-76  x  31416x076  x  120  x  166  = 
217,134  pounds. 

This  is  distributed  over  an  area  of  60  x  31416  x  12  =  2,262  square  inches. 

Therefore  the  compressive  stress  will  be  96  pounds  per  square  inch.  Conse- 
quently— 

Cj,  =  600  —  96  =  404  pounds  per  square  inch. 


From  equation  [6]6 — 


36-i2ix34 
y  = i^22 =  15-8. 

1  +  *«t 
^  1000 

From  equation  [20] — 

A^^      24  —  168      ,«^  J  .     , 

c^=z404x =  164  pounds  per  square  mch. 

36  — 15*8 
From  equation  [10]  for  a  solid  section  of  36  inches  radius^ 

36-168      ^^^ 
^*      36-1-16.8 
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imd  for  a  solid  section  of  24  inches  radius-^ 

24  —  168      ^^^^ 
^*      24  +  15-8 

From  Diagram  Fig.  414  the  respective  values  of  (p^  are  0*297  and  01 45. 
And  from  equation  [12] — 

C,i=404  X  0297  x  1296  =  165,620  pounds 
and — 

C<  =  164  X  0145  X  576  =  13,697  pounds 

or  (7  =  141,823  pounds. 

From  equation  [11] — 

34-158 

^'       34+15.8 

and  from  equation  [14],  substituting  the  value  of  (f)f  from  Fig.  415 — 

F  =  15,000  X  2-514  xt  x  34  =  1,282,140  t, 

and  since  F  =  G 

.        141,823        ....     , 
t  = 1=011  mches, 

1,282,140 

and  ft)  =  011  X  12  =  1-32  square  inches, 
or  i  inch  rods  4  inches  apart. 
From  equation  [13]  substituting  the  values  from  Fig.  414 — 

Jf^  =  404  X  01      X  46,656  =  1,884,902  inch  pounds 
M^  =  164  X  0025  X  13,824  =      56,678 


f>  }> 


or  Jf J  =  1,828,224  inch  pounds. 

From  equation  [14]  substituting  the  value  of  (t>Mf  from  Fig.  415 — 

Jlf,  =  15,000  X  2853  x  Oil  x  1,156  =  5,441,812  inch  pounds, 

and  MR  =  Mf  +  M^  =  5,441,812  +  1,828,224  =  7,270,036  inch  pounds. 

The  total  load  caused  by  wind  pressure  of  55  pounds  per  square  inch  will  be 
{vide  p.  336)— 

120  X  55  X  05  X  55  =  18,150  pounds, 
and  this  will  act  at  the  centre  of  gravity  of  the  trapezium  120  feet  high«  6  feet  wide 
at  the  base,  and  5  feet  wide  at  the  top. 

This  will  be  at  a  distance  from  the  bottom  of 

120  X  12     6  +  2x5       .^^  .     , 

X  =  698  mches. 

3  6  +  5 

Therefore  the  moment  due  to  the  wind  pressure  will  be — 

18,150  X  698  =  12,668,700  inch  pounds. 
The  weight  of  the  chimney  was  found  to  be  217,134  pounds.     Therefore  the 
resisting  moment  due  to  the  weight  of  the  chimney  will  be — 

217,134  X  36  =  7,816,824  inch  pounds. 

The  Bending  Moment  will  therefore  be — 

12,668,700—7,816,824  =  4,851,876  inch  pounds. 
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Consequently  there  will  be  ample  resistance  against  bending,  and  the  thickness 
of  shell  might  be  somewhat  reduced  and  a  fresh  trial  made. 

When  a  proper  thickness  and  reinforcement  has  been  found  for  the  bottom, 
several  trials  would  be  made  at  various  heights,  and  the  area  of  reinforcement 
reducecl  in  stages  from  the  bottom  to  the  top. 

SPHERICAL  AND  CONICAL  COVERINGS 

The  graphical  method  of  treatment  for  obtaining  the  stress  of  domes  of  thin 
shells,  given  below,  is  very  simple  and  direct. 

A,  Fig.  418  shows  the  half -section  of  a  thin  dome  of  uniform  thickness  and 
of  uniform  weight  per  square  foot,  which  is  hemispherical  and  of  a  material  capable 
of  resisting  tensile  and  compressive  stresses. 

Assume  the  vertical  centre  line  as  representing  to  some  scale  yet  to  be  deter- 
mined the  weight  of  the  dome,  or  of  some  section  of  it.  Divide  this  line  into  any 
number  of  convenient  parts  (for  convenience,  sixteen  equal  parts  have  been  taken), 
and  mark  the  divisions  1,,  2^,  3,.  Draw  through  1,,  2„  3„  etc.,  horizontal  lines 
to  cut  the  section  of  the  dome  in  1,  2,  3,  etc. 

Then  as  the  area  of  any  segment  of  a  sphere  equals  c  A,  where  c  is  the  circum- 
ference of  the  sphere  and  h  is  the  height  of  the  segment,  any  length  such  as  2^,  3^, 

or  6^,  6^,  on  the  centre  vertical,  measured  on  the  same  scale  upon  which  that  vertical 
represents  the  whole  weight  of  the  dome  or  the  chosen  portion  of  it,  will  give  the 
weight  of  the  segment,  2,  3,  or  5,  6,  of  the  dome  or  chosen  portion. 

As  the  thickness  of  the  dome  is  inconsiderable,  the  pressure  may  be  considered 
as  uniformly  distributed  over  any  section  such  as  1,  and  therefore  tangential  to  the 
surface.  Draw  through  1  a  line  1,  a  tangential  to  the  surface  (at  right  angles  to  the 
radius  1„  16^,),  and  through  o'  produce  ao'  indefinitely.  Through  o'  and  1,  draw 
o't^  and  1^  to  intersect  in  fi,  completing  the  triangle  of  forces  holding  that  part  o^I 
of  the  dome  in  equilibrium  ;  o'l,  is  the  weight  of  it  (being  the  load  on  point  1),  the 
line  1^^  the  direct  compression  uniformly  distributed  over  the  horizontal 
section,  and  the  line  oH^  the  radial  thrust,  all  measured  to  the  same  scale  (not  yet 
determined)  as  o'16^. 

If  the  point  1,  were  taken  very  near  the  crown,  the  load  would  be  very  small, 
and  the  horizontal  thrust  and  direct  stress  would  also  be  reduced ;  at  the  crown 
itself  there  is  no  stress.  This  is  one  of  the  material  points  of  difference  between  the 
dome  and  the  arch,  which  latter  construction  has  always  a  thrust  at  the  crown. 

Proceeding  to  section  2,  we  form  the  stress  diagram  giving  the  four-sided  figure 

l„  2,,  fifi  ;  l„  2„  being  the  weight  of  the  segment,  2,,fi  the 
direct  stress  upon  the  lower  section,  tH^  giving  the  radial  thrust. 
Proceeding  similarly  for  the  remainder  of  the  figure,  the  direct 
thrusts  cut  the  horizontal  lines  further  and  further  from  the 
load  line  until  we  reach  6^,  when  the  intersections  begin  to 
approach  the  load  line  again,  making  the  polygon  of  forces  for 
each  section  similar  to  the  four-sided  figure  abed  (Fig.  417). 

The  diagram  of  stresses  may  take  another  form  {B,  Fig.  418) 
Set  off  the  load  line  as  before,  and  through  o"  draw  lines  parallel  to 
those  tangential  to  the  surface  of  the  dome  at  the  various  points  to 
intersect  With  the  horizontal  lines.     Through  these  intersections     '  fio.  417 
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draw  the  ctirve  from  o*  to  16^.  Then  we  have  the  stress  diagram  but  of 
form  X,  y,  x,  o"  following  the  vertioal,  then  the  horizontal,  and  then  the  inclined 
line  ;  the  radial  thrust  above  the  point  where  the  curve  turns  to  the  load  line 
Again  and  the  radial  tensions  below  that  point  being  given  by  the  differences  x,y. 

The  lengths  xl^  correspond  to  o,  t'  in  the  first  figure,  and  similarly  the  x^ 
y*  s  correspond  to  the  lengths  i^  f",  ^t*  etc. 

These  thrusts  and  tensions,  or  the  x,\f8f  must  be  resolved  into  equivalent 
thrusts  or  tensions  acting  at  right  angles  to  the  plane  of  the  paper — ^that  is,  actually 
upon  the  vertical  faces  of  the  section. 

Let  o'^lG^^  represent  the  total  weight  of  the  dome,  then  any  x,y  shows  the  total 
radial  thrust  upon  the  corresponding  section,  which  we  shall  call  B.  Being  uni- 
formly distributed  its  intensity  per  unit  of  circumference  equals 

B 

units  in  the  circumference, 
just  as  the  intensity  of  pressure  on  a  column  equals  the  total  pressure  divided  by 
the  units  of  area  in  the  column. 

In  any  circular  ring  under  uniform  normal  pressure  (C,  Fig.  418),  as  in  a  cylin- 
der holding  water,  the  resultant  tension  or  compression  T  (which  we  call  hoop 
tension)  equals  the  intensity  of  the  radial  pressure  midtiplied  by  the  radius,  that  is — 

-: =  hoop  thrust  or  tension  ==  T. 

circumference 

J.  _ 

This  —, is  a  constant  quantity  for  any  circle^  and  equals 


circumference  ^  ^  ^  ^        6*2832 

nearly,  so  that  -^^' 

When,  therefore,  0*16^  represents  the  total  weight  of  the  dome,  we  must  divide 
«ach  horizontal  x^y  by  6-2832  for  the  hoop  tension. 

Suppose  we  take  o^l6^  to  represent         ^     of  the  weight  of  the  dome,  then 

we  shall  not  require  to  divide  the  x.y^a,  as  they  will  each  equal  the  hoop  tension 

M  that  point ;   i.e.  if  we  take,  not  the  weight  of  360°  but  ,  or  57*3®  of  the 

6*2832 

dome,  the  horizontal  x^y's  give  the  hoop  tension  or  compression  directly 

Form  such  a  scale  that  o'^ie^  measures  the  weight  of  57-3** ;   the  lengths  xoT 

measured  to  that  scale  give  the  total  compression  on  a  horizontal  plane  on   a 

segment  of  67-3°  of  the  dome  (this  segment  is  in  plan). 

As  the  length  of  an  arc  of  57-3®  equals  its  radius  we  have  only  to  divide  the 

lengths  xfi)"  by  the  radius  at  the  corresponding  points  to  get  the  pressure  per  lineal 
unit  on  the  horizontal  section. 

At  the  joint  where  the  hoop  thrust  changes  to  hoop  tension  the  maximum 
horizontal  thrust  is  caused  as  is  clearly  seen  in  £,  Fig.  418  ;  it  is  the  sum  of  all 
the  thrusts  xy  above  it.  Below  that  joint  this  thrust  is  diminished  by  the  tensions 
xy  in  each  ring,  until  in  the  hemispherical  dome,  these  exactly  balance  the  sum  of 
the  thrusts  xy.  If  the  dome  were  to  spring  from  the  joint  where  the  hoop  thrust 
<)hanges  to  hoop  tension,  the  provision  to  prevent  the  supports  spreading  would 
be  the  maximum  obtainable  for  the  dome  under  consideration.  This  joint  is 
irequently  called  the  joint  of  rupture  ;  it  is  situated  at  a  height  above  the  q[>ring- 

446 


QQ 


''»<3i^^ 


—-M 


447 


REINFORCED   CONCRETE 

ing  line  of  J  (  \/6-l)  radius,  or  about  61®*49'  from  the  vertical.  Above  that  joint 
the  dome  tends  to  collapse  inwards  ;  below  it  tends  to  spread  outwards. 

If  the  dome  is  segmental,  springing  from,  say,  the  level  6,  6^,  the  stress 
diagram  at  the  point  6  is  found  by  drawing  a  vertical  line  representing  the  weight 
of  the  dome  o'^^  (-4,  Fig.  418).  Through  the  lower  end  of  this  line,  draw  6, (•parallel 
to  the  tangent  at  the  springing  and  through  the  upper  end  a  horizontal  Ikie  o^(*. 
Then  o'^  gives  the  total  radial  thrust  at  the  springing  and  6^^  the  total  compression 
on  the  horizontal  plane  at  the  same  point ;  or,  if  o'  6^  represents 

the  weight  of  the  dome 
6-2832 

then  o^^  will  equal  the  hoop  tension  at  the  base.  This  would  have  t-o  be  resisted  by 
a  ring  or  by  abutments. 

The  weight  of  the  dome  or  its  covering  may  be  estimated  in  the  following 
manner.  Above  any  horizontal  section  the  weight  of  the  dome  will  be  u?  x  lrf% 
where  r  is  the  radius  to  which  the  dome  is  struck,  v  the  rise,  and  w  the  weight  per 
unit  area,  the  radius  being  measured  to  the  centre  of  the  section. 

The  same  methods  can  be  used  for  conical  coverings,  since  it  happens  that 
the  weights  above  any  horizontal  section  are  proportional  to  the  vertical  distances 
from  the  apex  of  the  cone  to  that  section. 

In  a  cone  the  greatest  horizontal  thrust  is  at  the  base  if  the  abutments  do 
not  yield,  or  if  there  is  a  reinforcement  to  tie  in  the  base.  If  the  abutments  yield, 
the  cone  itself,  if  capable  of  doing  so,  also  suppUes  the  necessary  resistance  to  twist- 
ing open. 

These  results  are  only  correct  for  thin  coverings  of  material  capable  of  resist- 
ing tension  and  compression,  of  true  spherical  or  conical  section,  and  of  uniform 
weight  per  unit  of  surface.  Such  a  material  as  reinforced  concrete  may  be  assumed 
to  satisfy  these  conditions. 

If  we  put  an  eye  to  the  dome  (i.e.  omit  the  central  upper  part,  say  the  part 

above  the  line  1.1^),  then  the  horizontal  line  o\  (^,  t*,  <*,  etc.,  is  lowered  to  the  level 
of  1.1^,  and  the  position  of  the  joint  of  rupture  is  also  lowered.  If  a  heavy  load, 
such  as  a  lantern,  were  put  at  1,  then  the  horizontal  line  o',  (^,  ^,  <*,  etc.,  would  be 
raised,  increasing  the  part  under  hoop  tension  and  diminishing  the  part  under  hoop 
compression.  If  the  section  is  varied  and  becomes  }>ointed,  or  of  any  other  curva- 
ture, there  is  also  a  change  in  the  position  of  this  joint. 

The  intensity  of  the  stresses  in  spherical  domes  as  found  by  such  a  diagram 
as  ^  or  J?,  Fig.  418,  follows  from  the  weight  of  the  dome,  which  varies  directly  with 
the  thickness,  supposed  to  be  uniform.  As  the  area  to  resist  the  resulting  stresses 
is  correspondingly  varied,  it  appears  that  whatever  the  thickness  in  a  hemispheric^ 
dome  of  uniform  thickness,  the  unit  stresses  theoretically  are  always  the  same 
for  the  same  radius.  We  say  theoretically,  as  the  foregoing  theory  does  not  take 
account  of  the  elastic  yielding  of  the  dome  which  may  cause  the  centre  of  pressure 
to  leave  the  centre  of  the  section  and  so  materially  increase  the  unit  stresses.  There 
is  so  far  no  satisfactory  method  devised  by  which  we  may  accurately  determine 
the  centre  of  pressure,  and  it  is  desirable  therefore  to  make  allowance  for  these 
indeterminable  stresses  by  making  domes  of  ample  thickness.^ 

^  M.  Godard's  formula  for  domes  is  given,  p.  97. 
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Part  VII 

SOME   STRUCTURES   WHICH   HAVE   BEEN   ERECTED   IN 
REINFORCED  CONCRETE  r , 

I.     BUILDINGS 

Foundation  of  Reinforced  Comcrete  Piling 

Flo.  419  shows  the  general  arrangement  of  reinforced  con- 
crete piling  employed  to  Bupport  the  wall  columns  for  the  ten- 
atorey  steel-framed  addition  to  the  Hallenbeck  Building  at  Park 
and  Pearl  Streets,  New  York,* 

The  clusters  of  piles  are  in  two  longitudinal  rows,  about  16 
feet  apart,  centre  to  centre,  and  support  a  series  of  rolled 
joists,  running  transversely.    The  piles  are  28  feet  long  and 


12  inches  square,  made  of  Portland  cement  concrete,  in  the 
proportion  of  1:2:4,  the  stone  being  J-inch  crushed  trap 
rock. 

The  reinforcement  consists  of  four  I  j^^-inch  vertical  mild 
steel  rode,  tied  together  on  all  sides  by  horizontal  hooked  wires, 
5  inches  apart,  the  rods  being  bent  in  at  the  bottom,  and  bear- 
ing on  a  cast-iron  shoe.     The  concrete  extends  2  inches  above 

1  Described  in  the  Engintering  Rteord,  April  II,  1903. 
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the  top  of  the  rods,  but  6  inches  is  cut  away  after  driving,  to  leave  the  rodg 
projecting,  so  that  they  may  penetrate  into  the  capping,  which  is  16  inches  thick, 
reinforced  by  longitudinal  and  transverse  rods  as  shown. 

Some  of  the  piles  were  made  with  a  central  jet  pipe,  as  shown  in  Fig.  420,  which 
gives  the  details  of  the  construction. 

Boiler  Foundations 

Some  foundations  for  heavy  boilers,  constructed  on  the  Coignet  Sysl&n,  m 


shown.  Fig.  421.     The  foundation  consists  of  a  raft  of  reinforced  concrete,  which 
distributes  the  load  evenly  over  a  large  area. 

Melan  Floors  and  Deckings 
The  floor  on  the  Melan  system  for  a  spinning  factory  at  Tetschen,  Austria,' 
is  shown  in  Fig.  422.     The  area  of  the  floor  is  40,000  square  feet,  and  it  is  loaded 


Crma  Section. 


with  heavy  machinery.  The  curved  rolled  joists  forming  the  floor  reinforcement 
are  supported  on  longitudinal  joists  of  larger  section,  and  the  whole  is  embedded 
in  concrete.  The  arched  joists  are  3  inches  deep,  and  are  spaced  3-2S  feet  apart, 
centre  to  centre,  their  span  being  10'65  feet,  and  the  rise  9-S  inches.  The  depth 
of  the  concrete  in  the  arch  is  345  inches,  and  is  mixed  in  the  proportions  of  1  to 
2}  to  3i,  and  is  carried  over  the  longitudinal  joists  as  shown.  The  filling  abore 
the  arch  proper  is  of  1  to  3  to  7  concrete,  and  not  11  to  10  to  12,  as  shown. 

A  gang  of  fourteen  men  laid  from  700  to  800  square  feet  of  floor  in  one  ren- 
>  Description  in  Engineering  Newa,  April  12,  1804. 
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hour  day.  Four  men  were  employed  placing  and  fastening  the  joists  and  fixing 
the  centers,  one  man  for  the  cement,  and  one  for  the  sand,  four  mixing  the  concrete, 
two  carrying  the  concrete,  and  two  ramming  into  place.  The  amount  of  concrete 
laid  per  man  per  hour  was  2  cubic  feet. 

Fig.  423  shows  the  decking  on  the  Melan  system  for  a  plate  girder  bridge  at 
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Budapest,  Hungary,  to  carry  a  wheel  load  of  6  tons.  The  span  of  the  arches  is 
-6  feet  8  inches,  and  the  rise  6  inches.  The  concrete  is  3 J  inches  thick,  reinforced 
with  3-inch  curved  rolled  joists,  weighing  6  pounds  per  lineal  foot,  and  spaced 
Z  feet  centers. 

The  concrete  cost  b^d,  per  square  foot,  and  the  st^eel  work  2d.,  the  total  cost 
being  7Jd.  per  square  foot. 

A  similar  decking  with  3^-inch  joists,  40  inches  apart,  was  loaded  with  2.400 
pounds  per  square  foot  without  injury. 


Floor  of  Brewery  at  Budapest 

The  floors  of  a  brewery  at  Buda- 
pest, Hungary,^  on  the  Wiinsch  system 
is  shown  in  Fig.  424.  The  first  floor  has 
a  load  of  240  pounds,  and  the  second 
floor  80  pounds  per  square  foot.  The 
■surface  of  the  floors  is  174  feet  by  62 J 
feet. 

Two  rows  of  iron  columns  support 
the  floors,  14  feet  apart  longitudinally 
and  17  feet  7  inches  transversely,  the 
distance  of  the  side  rows  from  the  walls 
At  the  bottom  being  16  feet  2  inches. 

The  arches  running  longitudinally 
from  column  to  column  are  15|  inches 
wide,  14  feet  span,  and  1*4  feet  rise,  and 
are  reinforced  by  four  2-16  x  2-16  x  0-28 
inch  angle  irons,  two  of  which  are  curved 
to  form  the  bottom  chord,  and  two  are 
straight,  forming  the  top  chord.  The 
transverse  arched  floors  are  carried  on 
ithese,  being  reinforced  with  1  x  1  x  0*15  Fxq.  424 

*  Description  in  Engineering  News,  April  12,  1804. 
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inch  T-irons  placed  in  a  similar  way,  spaced  7-d  inches  apart  for  the  Gist  and 
13  inches  for  the  second  floor. 

The  concrete  wa«  made  in  the  proportions  of  1  of  cement,  2J  of  sand,  and 
3J  of  broken  stone.  The  total  area  of  floor  was  8,600  square  feet,  and  it  was  com- 
pleted in  four  working  days.  The  centers  were  left  in  for  one  week  after  the  con- 
creting was  completed.  The  weight  of  the  floor  was  320  pounds  per  square  foot, 
the  weight  of  the  wrought-iron  reinforcements  65,000  pounds,  and  the  Toltune 
of  concrete  798  cubic  yards. 

Floors  and  Stairway  for  the  Petit  Palais  des  Beaux  Arts,  Paris 
Exhibition,  1900 

Hie  floors  employed  for  the  Petit  Palais  des  Beaux  Arts,  Paris  Exhibition  of 
1600,'  are  shown  in  Figs.  425  and  426.  They  were  constructed  by  M.  HennAique, 
two  types  being  employed. 


Cmt»  &«etion{it(jovvn. 

Plo.  428 

Fig.  426  shows  the  flat  floor  with  beams  reinforced  with  three  straight  &nd 
three  bent  rode,  of  about  I  inch  diameter.  The  floor  slab  itself  is  reinfort^  with 
alternate  straight  and  bent  rods  of  0-47  inch  diameter.  The  load  was  assumed 
as  163  pounds  per  square  foot. 

The  proportions  used  for  the  concrete  were  650  pounds  of  Portland  cement, 
422J  quarts  of  sand,  and  898  quarts  of  gravel.  The  centers  were  struck  eight 
days  and  the  load  applied  thirty  days  after  completion  of  the  work. 

'  Described  in  Engineering  News,  November  10,  1898. 
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The  arched  floors  shown  in  Fig.  426  have  a  span  of  20  feet  and  a  rise  of  only 
9  inches.     The  thickness  at  the  crown  is  3},  and  at  the  springing  1 2}  inches. 

The  reinforcement  consists  of  two  sets  of  longitudinal  rods,  0-67  inch  diameter 
and  3-28  feet  apart,  one  eat  being  horizontal  and  placed  about  an  inch  below  the 
extradoB,  those  in  adjacent  arches  overlapping  on  the  piers.  The  other  set  is  bent 
to  the  ciirve  of  the  intrsdos,  and  is  placed  j  inch  from  this  surface.  These  rods 
are  carried  about  7  inchra  on  to  the  piers. 

Both  sets  of  rods  have  stirrups  of  about  1{  inches  by  14  B.S.W.G.  hoop  iron 
passed  round  them,  the  ends  terminating  near  the  opposite  face  of  the  concrete. 

On  the  curved  set  of  rods  a  series  of  transverse  rods,  024  inch  diameter,  are 


Fio.  427 

placed  8  inches  apart.  These  rods  are  25  feet  long,  the  overlap  of  consecutive 
rods  being  2-3  feet. 

A  further  series  of  bent  longitudinal  rods,  0*24  inch  diameter,  about  13  inches 
apart,  are  placed  on  these,  their  ends  being  carried  horizontally  over  the  piers, 
where  they  overlap  similar  rods  from  the  neighbouring  spans.  The  load  was  225 
pounds  per  square  foot,  and  the  floors  cost  ia.  i^d.  per  square  foot. 

Fig.  427  shows  the  large  spiral  stairway  in  this  building  before  the  steps  were 
put  on.  This  stairway  in  one  half-turn  rises  from  the  groimd  to  the  first  floor,  the 
difference  of  level  being  16-4  feet,  and  is  self-supporting  for  this  distance.  At 
the  top  it  is  connected  to  a  circular  gallery,  which  is  cantilevered  out  from  the 
surrounding  walls. 

The  inclined  slab  on  which  the  steps  are  formed  is  6-23  feet  wide  and  3-94 
inches  thick.  It  is  carried  by  two  spiral  stringers,  5'91  inches  wide  and  19-69 
inches  deep,  reinforced  with  three  pairs  of  1-18  inches  diameter  rods,  one  pair  being 
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&t  the  top,  another  at  the  bottom,  and  the  third  pair  being  bent.  The  dab  it 
reinforced  in  the  same  manner  as  that  employed  for  floors.  The  gallery  lomung 
a  landing  for  the  stairway  has  a  width  of  666  feet. 

Suspended  Curved  Stairway* 

This  stairway  was  designed  by  Messrs.  Ransome  and  Smith,  and  constructed 
by  the  Tumor  Construction  Company  for  Mr,  George  W,  Vanderbilt's  house  in 
Fifth  Avenne,  New  York. 

Fig.  428  shows  the  reinforced  concrete  portion  before  the  wooden  et«pe  and 
handridl  were  added. 


It  has  an  extremely  Ught  appearance  and  is  entirely  supported  from  the 
upper  floor  girders,  the  eleven  main  reinforcing  j-inch  bars  being  formed  with 
bolt  ends,  which  are  secured  by  nuts  and  washers  to  horizontal  angles  in  the  mam 
framework  of  the  building  as  shown  Fig.  429. 

These  bars  are  bent  to  follow  the  cture  of  the  stairway  platform  and  are 
continuous  down  one  upper  wing  across  the  landing  and  up  the  other  wing,  thus 
forming  a  set  of  swing-like  suspenders.  These  suspenders  are  connected  together 
by  horizontal  ^inch  U  bars.  Five  bars  intersect  the  suspenders  in  the  horizontal 
landing  and  extend  down  the  lower  wings. 

In  the  upper  wings  there  are,  besides  the  main  hangers,  eighteen  longitudinal 

■  Engit^eerin^  Record,  December  12,  1903. 
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bai-s  extending  from  the  floor  to  the  landing.     In  the  landing  there  are  twenty- 
one  ^-inch  horizontal  longitudinal  bars  and  a  number  of  ^-inch  transverse  bars. 

The  slabs  of  the  lower  wings  are  additionally  strengthened  by  SJ-inch  spirals 
4J  feet  long  of  ^-inch  bars  which  engage  the  longitudinals  and  are  set  horizontally 
12  inches  apart  and  are  further  reinforced  throughout  with  J-inch  transverse  bars 
2  feet  apart  and  sixty  curved  longitudinal  J-iuch  bars. 


The  vertical  sides  of  the  stairway  are  1  inches  thick  and  14  inches  high,  and 
are  reinforced  bj  J-inch  bars,  one  along  the  top  and  one  along  the  bottom  con- 
nected by  1-inch  stirrups.  The  slabs  forming  the  stairway  and  landing  are  all  4  inches 
thick  and  were  moulded  on  laths  accurately  bent  to  follow  the  curvatmre  and  covered 
with  cement. 

All  the  reinforcements  were  of  Ransome  twisted  bars.  The  concrete  was 
mixed  in  the  proportions  of  I  to  1}  to  Sand  was  put  in  place  on  September  19,  1903, 
the  moulds  being  removed  on  October  19. 

St.  James'  Church  at  Brooklyn  (Fig.  430) 

This  very  fine  building  is  constructed  entirely  of  reinforced  concrete  on  (he 
Ransome  tyatem.  The  body  of  the  church  covers  an  area  of  138  x  89  feet,  and 
is  69  feet  high  to  the  top  of  the  walls.  The  tower  covers  an  area  of  23  x  23  feet, 
and  has  a  height  of  112  feet.  The  thickness  of  the  walls  is  only  15}  inches,  and 
their  outer  faces  are  treated  so  as  to  imitate  stone. 

The  concrete  employed  on  this  structure  was  mixed  in  the  proportion  of  1 
of  cement  to  10  of  crushed  limestone,  to  pass  a  1-inch  ring. 
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The  Chapel  of  the  U.S.  Naval  Academy,  Annapolis ' 
This  Btnicture  was  or^;inally  designed  to  be  built  of  solid  coocreto  with  an 
outside  facing  of  granite  and  white  brick  on  the  walls  and  terra-cotta  on  the  dome, 
but  this  construction  was  decided  to  be  too  heavy  and  expensive,  and  reinft^ced 
concrete  was  substituted  for  the  skeleton  and  dome  on  designs  of  the  Noel  Constnic- 
tion  Company  and  the  Baltimore  Ferro-Goncrete  Company,  the  work  being  carried 
out  by  the  latter.  Fig.  431  shows  the  reinforced  concrete  skeleton  building  and 
dome  during  coiutructiou.  The  outer  dome,  an  inner  dome  of  less  rise  and  four 
arches  over  the  galleries  are  of  reinforced  concrete,  and  their  total  load  is  carried 
directly  down  to  the  foundations  by  reinforced  concrete  columns,  thus  enabling 
the  walls  to  be  greatly  lightened. 

£ight  columns  of  6  x  2}  feet  section  carry  the  dome,  and  eight  further  columns 

-    -      ^ 


of  2  X  1  feet  section  support  the  arches,  both  sets  being  eventually  concealed  in 
the  walls. 

The  main  floor  is  83j  feet  diameter,  with  transepts  increasing  the  length  of  the 
main  axes  to  116|  feet.  The  main  building  is  64  feet  high  and  is  crowned  with  a 
double  dome  supporting  a  lantern  rising  to  a  total  height  of  1921  f^t- 

The  dome  is  70  feet  in  diameter,  or  13  feet  less  than  the  main  floor ;  its  weight 
is  therefore  carried  by  cantilevers  from  the  main  columns.  These  columns  an 
consequently  given  a  curved  bracket  shape,  the  curve  commencing  55  feet  above 
ground  level.  At  the  top  the  brackets  are  bound  together  with  a  deep  ring  of 
reinforced  concrete.  This  ring  is  entirely  independent  of  the  lateral  arches,  and  ita 
weight  over  them  is  transferred  to  the  columns  by  inclined  struts  of  reinforced 
»  Engineering  Record,  January  14  and  March  25,  1905, 
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concrete.  The  ring  supports  24  columns  carrying  a  Bmall  ring  from  which  the  main 
dome  springs. 

The  lantern  is  of  terra-cotta  and  weighs  about  120  tons,  and  since  this  weight 
and  the  wind  pressure  on  it  could  not  safely  be  carried  by  the  shell  of  the  dome, 
a  reinforced  framework  of  braced  struts  was  built  inside  the  dome  carrying  the 
weight  on  to  the  lower  vertical  walls,  this  framework  being  hidden  by  the  inner 
dome.  Fig.  432  shows  the  construction  of  a  spiral  stairway  which  encircled  one  of 
ths  columns. 

The  finished  building  will  be  a  remarkably  beautiful  structure,  but  since  unfor- 
tunately it  was  not  completed  at  the  time  of  writing,  a  view  of  it  could  not  be  obtained. 

Turret  Stairway,  Lange  Voorhout,  at  La  Haye 

The  turret  containing  a  winding  stairway  (shown  in  Fig.  433)  was  constructed 
by  the  Amsterdatniache  fabrick  van  ciment-ijzen  werken,  in  1895,  of  reinforced 
concrete.     It  has  a  height  of  39-4  feet,  the  thickness  of  wall  being  only  1*6  inches. 

M.  Hennebique's  House  in  Rue  Danton,  Paris  (Fig.  434) 
This  house  is  an  excellent  example  of  what  may  be  effected  by  the  use  of  rein- 
forced concrete.     It  is  a  remarkably  fine  building,  and  cannot  fail  to  attract  the 


FiQ.  433  Pia.  434 

notice  of  any  who  pass  it.     The  whole  edifice  is  constructed  completely  of  rein- 
forced concrete,  and  the  mouldings  and  general  finish  leave  nothing  to  be  desired. 
It  was  erected  by  M.  Hennebique  in  1900. 
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The  thickness  of  all  the  walls  is  reduced  to  a  minimam,  that  of  the  face  being 
only  7  inches. 

The  plan  of  the  site  is  a  right-angled  taiai^le  with  a  rounded  apex,  the  build- 
ing standing  at  the  comer  of  two  streets  meeting  at  an  acute  angle.  Part  of  the 
house  is  used  by  M.  Hennebiqae  for  offices,  and  part  for  his  private  apuimente. 
After  seeing  this  house,  it  is  impossible  to  doubt  that  reinforced  concrete  can  be 
used  with  excellent  effect  for  the  construction  of  buildings  of  great  architectnral 
beauty. 

Reinforced  Concrete  Residence  at  New  York 

Figs,  435  to  441  show  the  details  of  the  construction  of  a  five-storied  residence 
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with  a  basement  in  Fortieth  Street,  New  York,  built  for  Mr.  W.  C.  Sheldon '  on 
the  Hennebique  ayatan. 

Fig.  435  is  a  plan  of  the  first  floor,  to  which  the  second  and  third  floors  ue 
very  similar. 

The  floors  are  of  the  hollow  type,  with  hidden  beams,  Fig.  436.  The  beama 
are  about  36  inches  apart  in  the  clear,  except  near  the  stair  and  light  shafts. 

The  reinforcements  consist  of  two  1  J-inch  rods,  one  bent  and  the  other  strsigbt. 
The  floor  slab  is  I  j  ^-inches  thick,  with  V-shaped  ribs  l-}-|-inche3  deep  and  about 
12  inches  apart,  as  shown  in  Fig.  437.  The  reinforcement  is  formed  of  i^inch 
rods  in  both  directions. 

The  ceiling  slabs  are  ly\-inches  thick,  and  are  reinforced  with  longitudinal 
and  transverse  rods  jV  inches  diameter,  the  former  12  inches  and  the  latter  7  inches 
apart.  The  stirrups  throughout  are  formed  of  fg-inch  rods.  Fig.  436  shows  a 
transverse  and  longitudinal  section  of  the  floors,  and  Fig.  437  gives  the  details 
of  the  reinforcements,  etc. 

The  roof  (Fig.  438)  has  a  steep  pitch,  and  projects  at  the  top  to  form  a  para- 
pet, the  top  portion  being  flat.  It  is  constructed  of  reinforced  concrete  coTered 
with  asphalte  bricks  welded  together,  and  is  formed  with  vertical  webs  which 
form  buttresses.     The  construction  is  clearly  shown  in  the  figure. 

The  stairs  are  formed  of  reinforced  concrete,  with  inclined  plane  surfaces  on 
the  underside.  The  servants'  stairs  turn  with  winders  around  three  aides  of  a 
narrow  well  and  have  reinforcements  in  the  walls  and  under  the  steps,  as  shovn 
in  Fig.  439.  The  main  stairs  are  in  half  flights  with  intermediate  landings,  aad 
are  supported  at  the  top  and  bottom  on  extra  strong  floor  beams,  shown  in  Vif- 
440.     The  method  of  reinforcement  of  the  main  stairs  is  given  in  Fig.  441. 

The  main  walls  are  of  brick,  and  carry  the  floors,  except  for  two  single 
storey  reinforced  concrete  columns  in  the  basement.  The  partition  walls  are  of 
reinforced  concrete  4  inches  thick. 

The  Palais  d'Electrtcite  at  the  Paris  Exhibition  of  1900  (Fig.  442) 

This  beautiful  structure,  origin- 
ally designed  and  carried  out  in 
reinforced  concrete  by  M.  Coignti 
as  the  "Chateau  d'Eau,"  was  a 
notable  feature  of  the  Exhibition, 
being  much  admired.  It  is  one  of 
the  few  bufldings  which  are  still  left 
standing.  The  main  cove  or  grotto 
is  147-6  feet  high  and  82  feet  wide 
across  the  front. 

It  is  supported  by  a  series  of 
longitudinal  partitions,  about  * 
inches  thick,  formed  of  curved  ribs, 
with  a  mean  span  of  33  feet.  These 
are  supported  by  the  columns,  walls 
and  groined  arches  of  the  gallena 
FiQ.  442  and  staircases  below. 

<  DMcribed  in  the  Engineering  Record,  January  31,  1903. 
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The  vertical  wall  of  the  grotto,  which  is  semi-circular  in  plan,  has  a  height 
of  about  33  feet,  and  is  only  4  inches  (hick,  stiffened  by  a  series  of  vertical  8x8 
inch  ribs.  The  semi'dome  forming  the  roof  of  the  grotto  is  formed  of  a  Blab  2-36 
inches  thick,  carried  by  arched  ribs  running  parallel  to  the  face,  and  connected 
by  carved  cross  ribs.  The  arched  face  ia  formed  of  a  double  semi-arch  of  two  ribs 
82  feet  span,  with  cross  connexions.  The  ends  of  the  cross  ribs  carrying  the  domed 
slab  abut  against  these  nbs.  The  very  fine  ornamental  work  was  of  course  merel; 
roughly  formed,  being  finished  by  special  artificers. 

Great  Western  Railway  Grain  Warehouse,  Plymouth 
The  plan  and  section  of  this  warehouse,  built  on  the  Hennebique  system,  aro 
shown  in  Fig.  443.  The  frontage  on  the  west  wharf  is  70  feet,  and  the  maxinmni 
depth  80  feet.  It  has  a  ground  floor  area  of  4,200  square  feet,  the  floor  being  con- 
structed of  a  depth  of  3  inches  of  plain  concrete  with  1  inch  of  cement  rendering, 
and  is  laid  on  the  old  rubble  filling  of  the  quay.  This  is  the  only  part  of  the  build- 
ing  not  reinforced.  The  firat  floor  has  an  area  of  5,600  square  feet,  and  is  6  inches 
thick,  resting  on  beams  supported  on  12  x  12-inch  reinforced  columns,  10  and 
11^  feet  apart,  which  are  continuous  with  the  30-foot  reinforced  concrete  pilea 
14  X  14  inches.     The  load  provided  for  is  5  cwt.  per  square  foot. 


Fio.  444 

The  flat  reinforced  roof  has  an  area  of  6,600  square  feet,  and  ia  4  inches  thick. 
It  rests  on  reinforced  beams,  supported  on  8  x  8-inch  columns,  10  and  II)  feet 
api^,  which  are  continuous  with  the  12  x  12-inch  columns  carrying  the  first  floor. 

The  verandah  has  an  area  of  1,800  square  feet,  and  is  constructed  along  the 
whole  front  of  the  warehouse.  Its  floor  is  reinforced  and  6  inches  thick,  resting 
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on  beams  supported  on  aeven  12  x  12-inch  columns,  oontinuona  with  reinforced 
piles  driven  down  to  the  rock.  The  centres  of  these  columns  are  14  feet  7  inches 
from  the  face  of  the  building,  and  the  body  of  the  verandah  projects  26  feet ;  the 
difference  of  11  feet  5  inches  ia  carried  on  cantilevers  projecting  from  the  columns. 

Fig.  144  is  a  reproduction  from  a  photograph  of  the  finished  building.  The 
"four  reinforced  catsheads,  built  in  the  front  wall  of  the  warehouse,  are  each  designed 
to  lift  a  ton,  and  were  tested  to  30  cwt.  without  any  apparent  effort.  The  first 
floor,  roof,  and  cantilevered  portion  of  the  verandah  were  tested  considerably 
■above  the  calculated  load,  and  showed  very  slight  deflexions. 

This  building  cost  id.  per  cubic  foot  of  sir  space,  exclusive  of  the  pile 
foundations. 

Warehouse  for  the  Co-operative  Wholesale  Society  at  Newcastle-on- 
Tyne^ 

This  building,  which  is  120  feet  high,  is  constructed  entirely  of  reinforced 
ooncrete,  on  the  Hennebique  aystem.    The  site  on  which  the  warehouse  had  to  be 


■constructed  was  very  bad  for  the  purposes  of  foundations,  being  of  made  ground 
for  a  depth  of  18  feet,  below  which  was  18  feet  of  silt  and  quicksand,  10  feet  of  soft 
clay,  6  feet  of  hard  clay,  and  10  feet  of  silt,  sand  and  gravel.  The  whole  building 
was  therefore  practically  floated  on  a  raft  of  reinforced  concrete,  of  which  Figs. 
445  and  446  show  the  construction. 

^  Description  in  Engineering,  April  17,  1003. 
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A  settlement  of  3|  inohes  at  the  front  and  3  inches  at  the  back  took  plue 
between  the  datea  of  the  completion  of  the  general  sill  and  the  construction  cJthB 
first  floor,  after  which  no  further  settlement  occurred. 


The  walls  of  the  basement  are  18  inches  thick,  and  have  to  withstand  the 
thrust  of  the  surrounding  ground.    The  walls  at  the  ground  floor  are  12  inches 
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* 

thick,  and  they  reduce  to  4  inches  at  the  level  of  the  roof.  The  section  of  the 
basement  columns  is  29  x  29  inches. 

The  floor  beams  are  generally  7  inches  wide  by  12  inches  deep  to  the  under- 
side of  the  floor  slab,  which  is  7  inches  thick,  the  span  of  the  beams  being  14^ 
feet.  Longitudinal  and  transverse  sections  of  the  building  are  shown  in  Fig. 
447. 

The  floors  are  constructed  to  carry  684  pounds  per  square  foot,  and  have 
been  tested  under  a  load  of  996  pounds  per  square  foot,  the  load  being  applied 
gradually.  Great  credit  is  due  to  the  Newcastle  Corporation  for  permitting  their 
building  bye-laws  to  be  suspended  in  favour  of  this  building. 


Chimney  Stack  at  Los  Angeles 

Pig.  448  shows  the  details  of  a  reinforced  concrete  chimney  shaft,  constructed 
on  the  Bansome  system  for  the  Pacific  Electric  Railway  Company  at  Los  Angeles, 
Cahfornia.^ 

The  figures  show  clearly  the  construction  of  the  shaft,  which  consists  of  two 
concentric  walls,  separated  by  an  air  space  of  11  to  16  inches,  increasing  in  width 
towards  the  top.  The  outer  shell  above  the  shoulder  is  9,  6  and  6  inches  thick 
respectively  up  to  the  cap,  in  sections  of  about  equal  height,  the  inner  shell  being 
5,  4i  and  4  inches  thick  respectively  from  bottom  to  top,  in  corresponding  sections. 
The  inner  shell  terminates  4  feet  below  the  cap,  and  is  free  to  elongate  independently 
of  the  outer  shell. 

At  intervals  of  30  inches  measured  around  the  shaft  the  air  space  is  contracted, 
for  lengths  of  6  inches,  to  a  width  of  2J  inches  ;  at  every  6  feet  in  height  this  is 
again  reduced  to  three-quarters  of  an  inch  by  the  introduction  of  a  concrete  brick 
in  the  wall.  This  arrangement  allows  the  outer  shell  to  oscillate  three-quarters 
of  an  inch  without  bringing  any  pressure  on  the  inner  shell. 

The  reinforcement  is  of  Ransome  cold  twisted  steel  bars,  the  horizontal  rein- 
forcement consisting  of  J-inch  bars  placed  at  intervals,  averaging  18  inches  in  the 
inner  and  24  inches  in  the  outer  shell.  The  vertical  reinforcement  of  the  outer  shell 
is  formed  of  f-inch  bars  placed  12  inches  apart  in  the  lower  third  of  the  stack  above 
the  flues,  2  feet  apart  in  the  middle  section,  and  4  feet  in  the  top  section.  In  the 
inner  shell  |-inch  bars  are  used,  spaced  3  feet  apart. 

The  upper  4  feet  above  the  ornamental  cap  is  2  inches  thick,  being  reinforced 
with  expanded  metal.  The  ornamental  cap  is  formed  of  28  blocks  moulded  on  the 
ground.  These  blocks  are  hollow,  and  are  formed  by  a  shell  of  2  inches  of  con- 
crete, with  stiffening  cross-partitions,  the  whole  being  reinforced  with  J-inch  twisted 
steel  bars. 

The  proportions  for  the  concrete  were  1  :  2  :  4  for  the  inner  and  1:2:6 
for  the  outer  shell,  the  stone  being  broken  to  1  inch  or  less.  The  foundation  is 
reinforced  with  steel  rails,  placed  12  inches  apart,  in  two  layers  crossing  one  another. 
The  chimney  weighs  about  1,280  tons,  and  the  distributed  load  on  its  base  is  less 
than  2  tons  per  square  foot. 

The  vertical  reinforcing  bars  were  spliced  together  with  sleeve  nuts.  The 
circular  bars  which  are  overlapped  from  12  to  18  inches  at  their  ends,  were  bent 
into  the  proper  shape  and  deposited  on  the  concrete  as  it  was  filled  in. 

*  Described  in  the  Engineering  Record,  April  11,  1903. 
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The  twists  on  the  bars  were  as  follows — 
^inch  bars  •         •         •         • 

}-inch  bars  •         .         •         • 

j^inch  bars  .         .         •         • 


n 


10    to  12  per  lineal  foot 

7    to  8 

5    to  6 

2^  to  3 


»> 


» 


>> 


»» 


yy 
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{-inch  bars  ..... 

The  concrete  was  mixed  wet  enough  to  run  slowly  down  a  slope  of  1  to  2  when 
shot  from  a  wheelbarrow. 


Taylor-Wilson    Manufacturing   Company's    Machine   Shop, 

McKee's  Rock  Pa 

This  shop  was  constructed  on  the  Cumminga  system.  It  is  160  feet  long  and  102 
feet  wide,  and  is  carried  on  a  series  of  foundation  piers  carried  down  an  average 
depth  of  12  feet  below  the  ground  surface.  The  plan  of  the  shop  consists  of  a 
centre  aisle,  51  feet  7  inches  wide  and  two  lean-tos  18  feet  wide  on  one  side,  and  30 
feet  on  the  other.  Fig.  449  is  a  section  through  the  building  and  shows  the  general 
method  of  construction. 


ar*tz'Cot^ 
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The  outer  columns  to  the  lean-tos  are  12  inches  square,  while  the  inner  row  of 
columns  are  circular  and  20  inches  in  diameter.  The  columns  are  spaced  20  feet 
apart,  and  are  reinforced  with  four  anjgle  bars  encircled  by  hoops  1|  inches  wide 
and  \  inch  thick.  The  circular  columns  are  carried  up  beyond  the  beams  siipport- 
ing  the  lean-to  roofs  and  terminate  by  a  junction  with  the  beams  carrying  the 
overhead  travelling  crane. 

The  design  of  these  beams  is  shown  in  Fig.  450.  They  are  moulded  with  an 
external  projection,  laterally  braced  and  supported  by  colunms  12  inches  square 
spaced  10  feet  apart,  which  bear  on  the  inner  end  of  the  lean-to  roofs.  Further 
rows  of  square  12  inch  columns  are  supported  on  the  projection  of  the  travelling 
beam  and  carry  reinforced  beams  from  which  the  arched  roof  springs. 

Fig.  451  is  an  enlarged  view  of  the  roof  with  sections  showing  the  positions  of 
the  f  inch  reinforcing  bars.  Rows  of  1  x  i  inch  bar  iron  passing  over  and  under 
consecutive  f-inch  bars  run  across  the  roof  and  are  spaced  2  feet  apart,  centre 
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to  centre,  to  tie  the  main  reinforcements  together  and  prevent  spreading  under 
compressive  stresses. 

To  resist  the  thrust  of  the  arch,  tie  rods  made  up  of  two  3  x  2|  x  ^  angles 


ilH 


were  used  spaced  10  feet  apart  and  embedded  in  concrete,  6  inches  wide  and  7 
inches  deep.    These  angles  were  bolted  at  each  springing  to  two  10-inch  chanoeU 
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8^  inches  long,  weighing  15  pounds  per  foot  runand  bolted  back  to  back  and  embedded 
in  the  concrete  at  the  springings.  From  the  ends  of  the  tie  beams  arched  stiflFen- 
ing  ribs  6  inches  wide  and  10  inches  deep  were  formed  under  the  roof  slab,  and 
reinforced  along  their  intrados  with  f-inch  rods ;  the  tie  bars  and  stiffening  ribs 
were  connected  by  vertical  posts  12 J  feet  apart  as  shown  Pig.  449.  The  tie  bars 
and  stiffening  ribs  were  supported  on  either  side  by  curved  corbels  projecting  12 
inches  from  the  columns  supporting  the  roof. 

To  avoid  undue  strains  due  to  temperature  changes  in  the  great  length  of  roof, 
expansion  joints  were  left  at  every  other  of  the  tie  bars  and  stiffening  ribs,  these 
members  being  moulded  in  duplicate  at  the  joints. 

The  cost  of  this  building  was  only  about  l^d,  per  cubic  foot  of  air  space. 


The  Wesleyan  Church  of  St.  SidweU's,  Exeter^ 

Although  this  structure  is  not  in  accordance  with  the  building  bye-laws 
of  the  city,  it  was  allowed  to  be  built  after  full  consideration  of  the  Streets 
Committee,  who  showed  a  commendable  appreciation  of  the  scope  of  this  form  of 
construction. 

The  system  adopted  is  that  of  M.  Cottanfin,  the  foundations,  walls,  and  columns 
being  of  steel-cored  brickwork,  and  the  floors,  with  their  stiffening  ribs,  being 
formed  of  concrete,  with  woven  steel  networks  embedded. 

The  foundations  are  of  the  cellular  type,  with  intersecting  thin  walls,  and 
are  only  3  feet  deep,  although  the  soil  is  not  all  that  can  be  desired. 

These  cellular  compartments,  after  being  well  filled  in  with  earth,  are  covered 
with  a  2-inch  slab  of  concrete,  the  network  of  the  slab  being  tied  to  the  wires 
projecting  from  the  walls  of  the  foundations. 

The  church  is  square  on  plan  at  the  ground  level,  but  becomes  octagonal  at 
the  level  of  the  gallery,  and  is  covered  by  an  octagonal  dome  supporting  a  heavy 
lantern  at  a  height  of  80  feet  from  the  level  of  the  ground. 

The  area  covered  at  ground  level  is  5,040  square  feet. 

The  walls  are  hollow,  and  are  formed  of  two  thicknesses  of  3-inch  steel-cored 
brickwork,  with  cross  walls  tying  the  two  together,  and  extending  the  full  height 
of  the  building.  The  hollow  space  is  to  be  used  for  heating  and  ventilating 
purposes,  and  will  keep  the  building  at  an  even  temperature  in  winter  and  summer. 

A  sloping  gallery  14  feet  wide  surrounds  the  whole  building,  with  the  excep- 
tion of  the  choir  side,  and  is  octagonal  in  plan.  It  is  entirely  seU-supporting,  with 
the  aid  of  the  walls  at  the  back,  there  being  no  columns  below  or  rods  above.  The 
inclined  floor  of  concrete,  with  an  embedded  network,  is  reinforced  by  intersecting 
steel-cored  ribs,  some  of  brickwork  and  some  of  concrete,  which  are  in  this  case 
placed  above  the  floor  slab.  The  main  ribs  run  diagonally  to  points  in  the  walls, 
where  their  network  is  attached  to  that  of  the  wall,  and  have  a  secondary  system 
intersecting  and  tied  to  them.  All  the  rib  networks  are  interwoven  with  the  floor 
slab,  so  that  the  whole  act  together.  Fig.  452  is  a  view  of  this  gaUery  during  con- 
struction. The  stairs  leading  to  the  gallery  at  either  end  are  ako  formed  of  steel- 
cored  concrete,  and  assist  in  its  support,  being  in  fact  the  chief  support  at  the 
ends. 

The  front  of  the  gallery  is   formed   of   concrete  with   an  embedded   steel 

*  Described  in  the  Contract  Journal,  December  31,  1902. 
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network,  and  forms  a  light  beam  resting  on  the  etiSening  ribs,  and  helping  to 
distribute  the  load  on  the  main  ribs  and  the  staircases. 

The  dome  is  constructed  in  two  thicknesses,  with  stiffening  ribs  between 
The  inner  thickness  is  3  inches,  and  is  built  of  steel-cored  brickwork,  while 
the  outer  layer  is  formed  of  concrete  2  inches  thick,  with  a  woven  steel  network 
embedded. 

The  steel  coring  to  the  roof  is  tied  to  that  of  the  walls,  making  the  reinforce- 
ment continuous  throughout  the  whole  building.    No  timber  is  employed  any- 


where for  structural  purposes,  the  whole  edifice  being  entirely  fireproof.  All  lead, 
zinc,  or  other  metal  for  flashings,  fiats  or  gutters  is  absolutely  dispensed  with, 
the  flats  and  gutters  being  all  formed  of  concrete,  reinforced  where  necessary. 
The  floors,  gallery  and  staircases  Eire  lined  with  ordinary  joinery  for  the  sake  of 
comfort  and  appearance,  but  this  and  the  necessary  seating,  etc.,  are  the  only 
parts  where  timber  is  employed. 

The  total  cost  of  this  church  is  about  £3,000,  and  all  the  materials  and  labour 
are  being  obtained  locally. 

The  building  is  being  constructed  on  the  designs  and  under  the  superviaiou 
of  Messrs.  Commin  &  Coles,  architects,  of  Exeter, 
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Church  of  Saint  Jean  de  Montmartre,  Paris 

This  church  was  erected  by  M.  A.  de  Baudot,  architect  to  the  Dioceses  of 
Paris,  on  the  CottanQin  ayatem  for  the  parish  of  Montmartre. 

This  is  a  very  poor  quarter,  where  a  very  large  church  had  to  be  built  with 
very  httle  expenditure. 

The  strangeness  of  the  design  has  secured  for  this  edifice  the  nickname  of  "  The 
Folly  of  the  Century." 


The  outside  walls  are  115  feet  in  height,  and  are  only  H  inches  thick,  with 
steel  wires  interlaced  through  holes  in  the  brieka  and  along  the  bed  joints. 

A  portion  of  one  side,  29J  feet  in  length,  is  entirely  unsupported,  and  main- 
tains the  height  of  wall  of  115  feet  without  any  girder,  the  wall  being  self-support- 
ing, while  on  another  side  there  is  an  unsupported  length  of  66  feet,  of  which  the 
height  is  38-37  feet. 

471 


REINFORCED   CONCRETE 

The  church  has  two  floors,  the  upper  floor  being  supported  on  reinforced  brick 
columnB  39J  feet  apart,  and  only  17^  x  17^  inches  square. 

The  floor  is  only  2  inches  thick,  with  14  x  2-inch  reinforcing  ribs  (beams). 

Fig.  453  gives  a  view  of  the  lower  floor  of  this  church,  showing  the  colunuu 
supporting  the  upper  floor  and  the  domed  roof  at  the  end. 

The  whole  etructure  is  reinforced  on  the  CoUan(in  system,  which  secures 
an  extremely  light  edifice  combined  with  great  strength. 

Fig.  464  shows  a  portion  of  the  flat  domes  with  which  the  church  is  coveied, 
with  the  stiffening  ribs.  The  domes  ue  formed  of  two  2-ii)ch  layers  of  concrete 
with  the  ribs  between,  the  whole  being  reinforced  with  Cottan^in  networks. 

This  church  is  a  truly  wonderful  example  of  the  scope  of  reinforced  brickwork 


and  concrete,  and   is  well   worth  a  visit  to  any  one   interested  in   this   type  of 
construction.     The  total  coat  was  £14,000. 

ChSteau  de  Orfraisidre 

All  the  floors  and  roofs  throughout  this  extensive  chateau  are  of  reinforced 
concrete,  on  the  Cotlan^in  system.  It  was  built  for  MM.  Robert  and  Henri  de 
Wendel,  who,  although  they  are  well  known  experts  in  ordinary  metallic  construc- 
tion, gave  the  preference  to  the  employment  of  this  system  of  reinforced  concrete 
for  the  building  of  their  chateau. 

Fig.  455  shows  the  stables  roof,  which  has  a  span  of  56  feet,  with  the  small 
rise  of  16  inches.  Both  the  roof  slab  and  ribs  are  only  2  inches  thick,  the  depth 
of  the  ribs  being  14  inches.  The  intersecting  ribs,  besides  forming  an  extremely 
stiff  and  strong  roof,  produce  an  appearance  which  is  eveiything  that  could  be 
desired  from  an  aesthetical  point  of  view. 
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A  further  interesting  feature  at  this  chateau  is  the  dome,  which  is  125  feet 
ahove  the  ground  level,  and  52  feet  in  diameter,  being  supported  on  18  x  Ifl-inoli 
columns  of  steel-cored  brickwork. 

MM.  P16  Fr^re's  Shoe  Factory,  Paris 
The  lower  part  of  this  building  is  of  ordinary  brickwork,  with  a  roof  of  con- 
crete 2  inches  thick,  reinforced  with  Cottan^in  network. 

The  whole  upper  portion  is  built  of  reinforced  brickwork  and  concrete  on  the 
Cottan^in  system. 

The  walls  are  one  brick  thick,  and  have  a  core  of  st«el  wires.  These  support 
the  centra]  glazed  roof,  of  which  the  rafters  are  all  of  steel-cored  concrete  U  x  2 

inches,  with  a  rise  of  14  inches,  the 
span  being  46  feet ;  the  glazing 
bars  and  purlins  are  also  of  rein- 
forced concrete. 

The  roof  baa  an  eztremdy 
light  appearance,  which  is  obtained 
by  the  use  of  a  minimum  amount 
of  material.  At  the  end  of  the 
building  is  an  engine  room  of  re- 
inforced concrete,  with  a  tank  hold- 
ing a  depth  of  three  feet  of  water 
over  the  whole  area  of  the  roof. 
The  chimney  stack  is  also  of 
cored  brickwork, 

The  total  cost  of  the  rein- 
forced portions  was  £I,6S0. 

Fig.  456  shows  the  interior  of 
the  factory,  which  is  very  light 
and  airy. 

House  in  Avenue  Rapp,  Paris 

The  whole  of  the  interior  futd 
back  portions  of  this  house,  as  well 
aa  the  front  from  the  first  floor 
level,  are  built  entirely  of  rein- 
forced concrete,  brickwork  and 
stoneware,  on  the  Coitanfw 
system. 

It  was  designed  by  M.  La^- 
rotte,  a  well-known  Paris  architect, 
and  was  one  of  the  six  houses 
specially  chosen  for  reward  by  the 
"  Concours  des  Facades  "  of  Paris 
in  the  year  1902. 

The  facade  above  the  second 

floor  is  of  reinforced  glazed  eera- 

p,u_  4-7  mic  ware,  the  balcony  being  self- 
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supporting  ;  but  from  the  level  of  the  street  to  that  of  the  second  floor  ordinary 
masonry  has  been  employed,  this  being  the  only  part  which  is  not  reinforced. 
Fig.  457  is  an  illustration  showing  the  fa9ade. 

The  walls  facing  the  courtyard  at  the  back  are  constructed  of  two  thicknesses 
of  2}-inch  steel-cored  brickwork,  tied  together  by  similarly  reinforced  cross  walls  ; 
all  the  internal  walk,  including  those  of  the  staircase  and  lift  shaft,  being  built  of 
reinforced  brickwork,  those  for  the  staircase  and  lift  shaft  having  a  single  thick- 
ness of  4^  inches,  while  the  main  partition  walls  are  in  two  thicknesses  of  2|  inches, 
built  in  a  similar  manner  to  the  external  walls. 

The  staircase  is  also  formed  of  concrete  reinforced  on  the  CoUanQin  system. 

There  are  no  projections  for  flues,  these  being  accommodated  in  the  hollow 
walls,  which  are  also  used  for  heating  and  ventilating  purposes,  the  saving  of  floor 
space,  by  the  suppression  of  the  usual  chimneybreasts,  being  about  60  square 
feet. 

The  floors  are  formed  of  a  2-inch  reinforced  slab,  with  the  Cottan9in  inter- 
secting stiffening  ribs  2  inches  thick,  all  the  reinforcing  network  being  interwoven 
and  tied  to  the  wires  of  the  walls. 

The  roofs  and  flats  are  also  formed  of  reinforced  concrete,  no  lead  or  zinc  work 
whatever  being  employed.  The  tiles  are  attached  to  the  roof  reinforcements  by 
wire  ties,  which  prevents  their  becoming  loose  and  falling  off. 

The  cost  of  this  house  was  £5,000,  or  about  20  per  cent,  under  that  for  the 
ordinary  form  of  construction. 

Nicolaiefi  Lighthouse  ^ 

This  lighthouse  has  recently  been  constructed  of  reinforced  concrete  for  the 
Russian  Government  to  hght  the  canal  which  connects  the  town  of  Nicolaieff  to 
the  Black  Sea. 

It  is  about  110  feet  high  above  the  base  to  the  floor  level  of  the  upper  chamber, 
where  the  diameter  is  about  6^  feet.  The  sides  have  a  slight  batter  from  the  top 
to  a  section  about  40  feet  above  the  base,  where  the  batter  increases  and  becomes 
concave,  so  as  to  obtain  a  diameter  of  20-7  feet  at  the  bottom.  The  footing  is 
formed  of  a  cup-shaped  concrete  block  8  feet  deep,  with  a  horizontal  surface  2-82 
feet  diameter.  The  side  walls  of  the  foundation  are  battered  on  the  outer  face 
and  enclose  a  circular  space  19-7  feet  diameter,  which  is  filled  in  with  earth  and 
covered  with  a  reinforced  concrete  slab  forming  the  bottom  floor  of  the  lighthouse. 

The  inside  of  the  shaft  is  made  without  divisions,  floors  or  bracing,  and  only 
contains  a  spiral  staircase  reaching  to  an  upper  cylindrical  chamber  of  14*8  feet 
inside  diameter  and  9-8  feet  high,  which  projects  beyond  the  walls  of  the  shaft, 
the  floor  being  supported  on  reinforced  cantilevers.  On  the  top  of  this  chamber 
there  is  a  domed  lantern  about  6*8  feet  diameter  and  13  feet  high.  The  concrete 
was  mixed  in  the  proportions  of  661  pounds  of  Portland  cement  to  14  cubic  feet 
of  coarse  sand  and  28  cubic  feet  of  washed  shiugle.  The  reinforcements  of  the 
Buperstructxure  consisted  of  circular  and  vertical  steel  reinforcements  tied  together 
at  their  intersections.  The  diameter  of  the  circular  rods  was  |  of  an  inch,  and 
they  were  spaced  12  inches  apart.  The  vertical  rods  had  a  diameter  of  ^  of  an  inch, 
and  were  spaced  about  9  inches  apart. 

*  This  structure  was  described  in  Le  Oenie  Civil,  and  also  in  the  Engineering  Becord, 
January  23,  1904. 

475 


REINFORCED   CONCRETE 

At  the  janctions  of  the  circular  and  vertical  rods  they  were  spliced  with  wiie 
wrapping. 

The  foundation  walls  are  reinforced  with  rode,  near  the  vertical  and  battered 
faces  connected  by  horizontal  ties.  The  slab  forming  the  bottom  floor  is  30  inches 
deep,  and  is  reinforced  with  J-iach  horizontal  rods  crossing  one  another  at  right 
angles  near  both  the  upper  and  lower  surfaces.  The  corbels  supporting  the  upper 
floor  were  moulded  with  the  aide  walls  and  the  floor  slab,  and  have  their  under- 
sides curved  to  form  mouldings.     They  are  reinforced  with  horizontal  top  rods  and 


Fio.  458 
ColumnH  and  floors  fop  a  Warehouse  ot  Roubaix  Courcoing,  conBtrtiPted  on  the  Cmtlarou  aystan. 

inclined  bottom  rods,  which  are  secured  to  the  vertical  wall  reinforcements  by 
wire  wrappings  ;  the  upper  and  lower  rods  are  also  connected  together  by  vertical 
and  inclined  transverse  reinforcements,  which  are  tied  to  the  main  rods. 

The  lighthouse  was  calculated  to  resist  a  wind  pressure  of  55  pounds  per  square 
inch. 

It  is  stated  that  the  reinforced  structure  cost  40  per  cent.  less  than  a  correspond- 
ing lighthouse  built  entirely  of  brick  or  metal ;  also  that  the  brick  hghthouse 
would  have  weighed  1,365  tons  against  460  tons,  which  is  the  weight  of  the  structure 
as  erected. 


476 


M.  Hennebique's  Country  House  at  Bourg-la-Reine. 


ThiB  Eiouse  is  built  entirely  of  reinforced  concrete,  and  ia  a,  striking  example  of  the  boldnew  of 
design  which  is  rendered  possible  by  the  use  of  this  material.  The  main  tower,  weiching  about  20O 
tons,  projects  13'I2  feet,  ami  is  rarried  mainly  by  the  two  intersecting  cantilevers.  On  the  right  is  a 
Hntconj'  which  will  be  used  for  a  winter  garUi^n.  It  is  supported  on  cantilevers  8'20  feet  in  length. 
AH  the  roofs  are  flat,  and  are  laii  out  aa  hanging  gardens.  At  the  extreme  right  of  the  building,  not 
■een  in  the  illustration,  there  is  another  projeiiing  tower  containing  a  water  tank  of  4,855  gallons 
capacity,  with  a  circular  stairway  passing  through  the  centre. 


roinforc«d  oodctdU. 


Cattle  Market  and  Abattoira  at  Alexandria.     Built  entirely  of  reinforoed  concrete  on  the  Hennt- 
liqut  tyelem.     The  illustration  shows  the  wonderfully  light  And  cool  appeoiaooo  of  the  buildingi. 
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n.  RESERVOIRS  AND  SILOS  ^ 

Covered  Reservoir  for  the  Town  of  Vimoutiers  (Orne),  France 

This  reservoir  is  half  below  and  half  above  ground,  and  was  constructed  on 
the  Monier  system  by  the  SocieU  de  la  Plaine  de  Saint  Denis  (Chaudy).  It  is 
circular,  with  an  internal  diameter  of  29|  feet,  and  a  depth  of  water  of  13  feet  1} 
inches,  and  has  a  domed  roof  with  3-28  feet  rise,  supported  on  six  radial  arched  ribs, 
meeting  on  a  round  column  at  the  centre  of  the  reservoir.  The  wall  is  5-92  inches 
thick,  and  is  reinforced  with  vertical  rods  0*275  inch  diameter  at  the  centre  of  the 
wall,  spaced  3-94  inches  centre  to  centre,  and  bent  round  into  the  floor  and  roof 
slabs,  circular  horizontal  rods  being  placed  outside  them  3-66  inches  apart,  and 
having  the  following  diameters,  commencing  at  the  bottom — 

8  rods 0*39  inch  diameter 

5 0-36     „ 

2     ,» 0'83     „  „ 

at  the  top. 

The  floor  is  3*94  inches  thick,  and  is  reinforced  with  a  network  of  0*236  inch 
rods»  with  a  mesh  of  3*94  inches. 

The  roof  slab  is  3«74  inches  thick,  with  a  network  of  0*236  inch  rods  and  a 
2*36  inch  mesh.  The  arched  ribs  supporting  this  slab  have  a  thickness  of  3*94 
inches,  and  a  depth  below  the  roof  slab  of  6*9  inches.  They  are  reinforced  by  an 
0*98  inch  diameter  rod  along  both  the  top  and  bottom,  with  stirrups  of  0*275  rods 
bent  completely  over  the  longitudinal  rod  at  the  top  and  terminating  in  the  floor  slab, 
and  spaced  3*94  Inches  apart  in  the  two  outer  quarters  of  the  span^  and  11*82  inches 
apart  in  the  central  half  of  the  span. 

The  central  column  has  a  diameter  of  19-7  inches  at  the  bottom  and  15*75 
inches  at  the  top,  and  is  reinforced  with  8  vertical  rods,  0*79  inch  diameter,  bent 
out  at  the  top  and  bottom,  prevented  from  bulging  out  by  four  rings  to  which  they 
are  tied,  and  a  spiral  winding  of  wire. 


10  rods    .....     0*67  inch  diameter 

10 0-59     „ 

0 0-47     „ 


%'/•» 


2,\  ttltmCH 
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^  A  deBcription  of  some  circular  reservoirs  constructed  by  Major  Stokee-Boberts,  R.Ei 
in  India,  is  given  in  Appendix  IV* 
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SOME  STRUCTURES  ERECTED  IN  REINFORCED  CONCRETE 

Reservoir  at  Rocheford,  Illinois,  U.S.A. 

Tig.  466  ahowB  the  reservoir,  the  roof  of  which  is  reinforced  with  expanded 
■metal  on  the  Qolding  system.  The  dotted  lines  show  the  arrangement  of  the  false- 
work. 

Fig.  467  is  an  enlarged  detail  showing  the  method  of  construction.  The  channel 
ribs  were  placed  7  feet  apart,  centre  to 
centre,  and  their  ends  rest  on  ^inch  caat' 
iron  plates  7^  feet  below  the  top  of  the 
wall.  The  rods,  1^  inches  diameter,  with 
tightening  screws,  were  passed  through 
the  concrete  near  each  rib,  one  foot  below 
the  top  of  the  wall,  and  are  riveted  to 
16  X  6  X  f  inch  plates. 

The  concrete  for  the  roof  was  mixed  Fio.  467 

in  the  proportions  of  I  of  Portland  cement 

to  2  of  sand  and  6  of  shingle.    The  thickness  of  the  roof  slab  is  2  inches,  with  a 
finishing  coat,  ^  inch  thick,  of  1  to  2}  mortar. 

The  cost  of  the  roof  was  about  £411. 


Covered  Service  Reservoirs  at  Seraing  (Belgium) 

These  three  nndergroond  reservoirs  were  constructed  in  1898  by  M.  Henne- 
bique.  Two  of  the  reservoirs  contain  22,000,  and  the  other  1 76,000  gallons.  Details 
of  the  largest  are  shown  in  Fig.  4S8. 

The  side  walls  are  reinforced  with  vertical  rods  on  both  faces,  each  set  being 
spaced  7-87  inches,  centre  to  centre,  and  formed  of  rods  0-55  inch  diameter,  with 
hoop-iron  stirrups  connecting  them  with  the  opposite  face.  These  rods  are  bent 
over  at  the  top  and  bottom,  so  as  to  penetrate  into  the  floor  and  roof  slabs  from 
1  -97  to  2-23  feet.  The  division  wall  is  reinforced  in  the  same  manner,  excepting  that 
each  series  of  rods  are  spaced  9'84  inches,  centre  to  centre,  and  are  bent  opposite 
ways  at  the  top  and  bottom  {vide  Coupe,  L.  M.)    All  the  walls  are  6-91  inches  thick. 

The  six  columns,  spaced  13  feet  centres  to  support  the  roof,  are  7-87  inches 
square,  and  are  reinforced  with  four  rods  0-945  inch  diameter,  held  together  by 
cross  ties  of  wire  1-64  feet  apart.  The  bottom  ends  of  the  vertical  rods  abnt  gainst 
a  plate  11-8  inches  square  and  0-236  inch  thick,  which  is  embedded  in  the  floor 
slab  7-87  inches  thick. 

The  floor  slab  is  only  reinforced  under  the  columns,  where  flat  bars  are  used 
of  lengths  varying  from  6-91  to  2-62  feet  long,  placed  in  six  layers,  each  formed  of 
two  series  of  bars  crossing  one  another  at  right  angles,  as  shown  in  the  elevation 
of  the  column. 

The  roof  is  supported  on  main  and  secondary  beams,  spaced  13  feet  and  6-46 
feet  centres.  The  main  beams  are  7-87  inches  wide,  and  13-78  inches  deep  to  the 
underside  of  the  floor  slab,  and  have  a  reinforcement  of  two  bent  and  two  straight 
rods  1-18  inches  diameter,  with  the  usual  hoop-iron  stirrups.  The  secondary 
beeuns  have  a  width  of  6-3  inches  and  a  depth  of  11-81  inches,  and  are  similarly 
reinforced  with  rods  0-98  inch  diameter.  The  roof  slabs  are  4-72  inches  thick, 
and  are  reinforced  with  longitudinal  rods  of  0-69  inch  diameter  at  the  top  and 
bottom  and  stirrups  connecting  the  bottom  rods  to  the  upper  surface  of  the  slab. 
483 
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The  valve  chamber  above  the  reeervoir  ia  also  constructed  of  reinfoiixd 
concrete,  the  thickness  of  wall  being  only  2-36  inches. 

The  cost  of  the  three  reservoirs,  including  all  fittings,  was  £1.436. 


Fort  Revere  Tower,  near  Boston,  U.S.A.' 

This  tower,  containing  a  standpipe  50  feet  high,  has  recently  been  completed- 

The  tower  and  pipe  are  both  constructed  of  reinforced  concrete,  on  the  Hennebijut 

system.     The  original  design  was  for  a  masonry  tower  and  steel  standpipe,  but 

as  the  tender  sent  in  by  the  Hennebique  firm  was  30  per  cent,  lower  than  any  other, 

'  Engineering  Record,  August  22,  1903. 
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it  was  decided  to  allow  them  to  do  the  work.  The  tower  is  octagonal,  and  is  formed 
of  reinforced  concrete  columns,  the  panels  being  filled  in  with  brickwork.  The 
piers  and  brick  fillings  rest  on  a  moulded  base  of  reinforced  concrete,  about  12  feet 
in  height. 

The  distance  between  the  opposite  walls  of  the  tower  is  25  feet,  while  the  internal 
diameter  of  the  standpipe  is  20  feet.  The  space  between  the  pipe  and  the  tower 
allows  the  insertion  of  a  winding  stairway  of  reinforced  concrete,  leading  to  an 
observatory  fioor  below  the  roof.  This  floor  is  2  feet  in  the  clear  above  the  top 
of  the  standpipe,  and  is  formed  of  reinforced  concrete  beams  and  floor  slabs.  The 
piers  forming  the  angles  of  the  tower  are  each  reinforced  with  six  vertical  rods, 
|-inch  diameter.  The  observatory  floor  is  3  inches  thick,  supported  on  two 
intersecting  beams  6  inches  wide  and  12  inches  deep. 

The  wall  of  the  standpipe  is  6  inches  thick  at  the  bottom,  where  it  has  to  with- 
stand 60  feet  head  of  water,  and  3  inches  thick  at  the  top.  The  bottom  is  3  inches 
thick,  and  the  junction  between  the  walls  and  the  floor  is  thickened  out,  the  inside 
being  formed  at  an  angle  of  45°.  Both  the  wall  and  floor  are  coated  inside  with  a 
watertight  finish  1  inch  thick,  of  1  to  1  Portland  cement  mortar.  The  wall  is 
reinforced  with  two  sets  of  circular  and  vertical  rods ;  the  upright  rods  are  2  inches 
apart  transversely,  and  are  staggered,  the  rods  in  each  set  being  spaced  about  16 
inches  apart  circumferentially. 

The  two  sets  of  horizontal  hoops  each  encircle  one  of  the  sets  of  vertical  rods  ; 
they  are  made  of  J-inch  rods  with  welded  joints  in  the  lower  two-thirds  of  the 
height,  and  of  |-inch  rods  with  wire-woimd  lap  joints  for  the  upper  one-third. 

The  vertical  spacing  of  the  hoops  increases  from  the  bottom  upwards. 
Por  the  J-inch  hoops  there  are  23  l|-inch,  41  2-inch,  34  2i-inch,  22  3-inch, 
13  3^inch,  and  23  3|-inch  spaces.  For  the  |-inch  hoops  there  are  9  3-inch,  6 
3i-inch,  and  6  3|-inch  spaces,  the  inner  and  outer  hoops  at  each  level  up 
to  this  height  being  in  the  same  horizontal  plane.  For  the  remaining  16  feet 
the  two  sets  of  hoops  are  staggered,  the  vertical  distances  between  the  succes- 
sive inner  and  outer  hoops  increasing  from  2  inches  to  7^  inches  ;  that  is,  the  hoops 
on  each  set  are  spaced  from  4  to  15  inches  apart. 

The  bottom  of  the  standpipe  is  reinforced  with  two  sets  of  J-inch  rods,  spaced 
4  inches,  centre  to  centre,  and  crossing  one  another  at  right  angles.  The  rods  are 
bent  up  at  their  ends,  extending  into  the  wall  for  a  height  of  about  12  inches.  The 
junction  of  the  wall  with  the  bottom  is  further  reinforced  with  a  set  of  §-inch  rods, 
extending  about  20  inches  radially  into  the  floor  slab,  and  extending  to  a  height 
of  about  24  inches  in  the  wall ;  these  are  placed  in  the  centre  of  the  thicknesses  of 
the  wall  and  floor,  and  are  bent  at  angles  of  135°,  passing  near  the  inner  face  at  the 
thickened  angle  between  the  two.  A  hoop  of  f -inch  rod  bears  against  their  under- 
side at  the  centre  of  the  angle,  and  they  are  also  anchored  into  the  comer  by  stirrups 
of  1  X  ^-inch  steel,  7  inches  long,  and  spaced  8  inches  apart. 

Covered  Reservoir  above  Ground  at  Boulogne-sur-Seine 

This  reservoir,  containing  66,200  gallons,  an  illustration  of  which  is  shown 
(Fig.  469),  was  constructed  by  M,  J,  Bordenave  for  La  Cie  66n6rale  des  Eaux,  1892. 

The  reinforcement  consists  of  Bordenave  I-bars,  the  spacing  of  the  spirals 
varying  for  each  1-64  feet  in  height,  except  near  the  top,  where  they  are  placed 
closer  together  to  take  the  thrust  of  the  roof. 
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The  details  as  to  sizes  of  the  bars  and  thicknesses  of  the  concrete  are  clearly 
shown  in  the  illustration,  and  need  no  further  description. 

This  reservoir  is  a  good  example  of  such  structures  as  erected  by  M.  Bordeoave. 
The  inlet  pipe  of  cast  iron,  16-93  inches  diameter,  ia  near  the  centre,  as  ite 
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the  cast-iron  outlet  and  wash-out  pipes  of  16-76  and  6-3  inches  diameter  respect- 
ively. The  overflow  is  placed  at  the  side,  and  is  formed  of  reinforced  concrete. 
The  arrangement  of  the  outlet  and  wash-out  valves  are  shown  in  the  illustration, 
and  are  similar  to  those  which  might  be  employed  for  reservoirs  of  ordinary  con- 
struction. The  ventilation  is  effected  by  a  seriea  of  circular  openings  left  in  the 
concrete  just  above  top-water  line. 

Circular  Covered  Reservoir  at  Memours  (France) 

This  reservoir,  which  has  a  capacity  of  441,500  gallons,  is  an  excellent  example 
of  the  CoUariQin  method  of  constructing  service  reservoirs. 

The  floor  foundations  are  of  the  cellular  type  of  brickwork,  with  steel  wire 
cores.  These  are  only  about  14  inches  deep,  the  open  spaces  being  filled  in  with 
well-rammed  earth  before  the  floor  slab  is  added,  the  steel  wire  basket-work  for 
which  is  interwoven  with  the  wires  of  the  intersecting  foundation  walls. 

The  outer  wall  is  only  4i  inches  thick,  the  columns  being  14  x  14  inches  square. 
The  steel  wire  coring  is  carried  up  continuously  from  the  foundations  through  the 
wall  and  columns,  and  is  interwoven  with  the  reinforcements  of  the  groined  roof, 
which  is  formed  of  arched  ribs  of  reinforced  concrete  and  brickwork,  intersect- 
ing one  another  to  form  the  groining.  These  ribs  are  14  inches  deep,  and  have 
a  rise  of  19-7  inches,  while  the  thickness  of  both  the  roof  slab  and  arched  ribs  is 
only  2  inches,  their  respective  steel  wire  networks  being  interlaced,  so  that  the 
whole  roof  acts  together.     Fig.  470  is  a  view  of  the  roof  during  construction. 

The  cost  of  this  reservoir  was  £756. 

A  similar  form  of  construction  is  used  for  gasholder  tanks,  except  that  in 
this  caae  since  there  is  no  roof,  the  outer  wall  is  reinforced  with  vertical  and  hori- 
zontal steel-cored  brick  ribs,  the  network  of  which  is  tied  to  that  of  the  main  wall. 


fia.  470 
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Chelsea  Public  Swimming  Baths 

These  baths,  constructed  by  the  New  Expanded  Metal  Company  for  the  Borough 
of  Chelflea,  are  shown  in  Pigs.  471  and  472. 

The  bottoms  are  formed  of  a  slab  10  inches  thick  reinforced  with  expanded 
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metal  stiffened  by  ribs  18  inches  wide  and  2  feet  deep  spaced  10  feet  apart  and 
reinforced  with  expanded  metal  bent  so  as  to  follow  the  sides  and  bottoms.  The 
walls  are  12  inches  thick  and  are  reinforced  with  vertical  6x6  inch  rolled  joists 
placed  in  the  side  walls  opposite  the  ends  of  the  stiffening  ribs  of  the  floor,  and  10 
feet  apart  in  the  end  walls.     Expanded  metal  sheets  are  passed  round  the  inner 
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flange  of  the  joiste  and  bent  to  approach  the  onter  surface  of  the  walls  midway 
between  them  as  shown  (Fig.  472). 

There  is  an  open  passage  way  all  round  the  baths  6  feet  high  by  5  feet  10^  inches 
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Fio.  472 

wide.     The  coverings  to  the  passages  have  transverse  6x5  inch  rolled  joists 
supported  on  the  vertical  joists  in  the  wftlls.     The  slab  has  a  curved  intrados 
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Fio.  473 
Sewage  Storage  Tanlw    and  Ventilating   Shaft  at  Hampton,  Va.,  U.S.A.,  canatructed  on  the 
Cummingt  tj/ttem.     The  tanks  are  23^  feet  diameter,  and  the  Ventilation  Shaft  52  feet  in  height.     The 
_.:-.  .. 1 :_  -,„  (^  floatina  raft  of  reinforced  coniretB. 


toaervoir  at  Laiisanne,  built  on  the  Hennebique  ryiten 
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towards  the  supports,  and  is  4J  inches  thick  for  about  half  the  span  at  the  centre ; 
it  is  reinforced  by  sheets  of  expanded  metal  parallel  and  close  to  the  lower  surface 
at  the  centre  of  the  span. 

The  baths  are  lined  with  asphalte,  and  the  inner  face  formed  with  2}-inch 
glazed  tiles. 

The  space  under  the  footways  of  the  street  abutting  on  the  side  of  the  baths 
is  used  as  a  storage  tank  for  the  water,  the  side  walls  of  the  tank  being  stiffened 
by  transverse  bracings  of  reinforced  concrete. 


Fio.  479 
'  Two  Settling  Tanks  at  Bouth  Hayling,  Hants,  for  South  HaylinK  Water  Company.     £ach  32  ft.  Sin. 
40ft.  Oin.  inside,  Sft.  Sin.  deep  ;  average  depth  water,  7  ft.  .?in.     Bottorn,  S  in.  thick,  reinforced  with 
No.  62  Expanded  Steel  (one Uyer).  Walla,  Sin.  thick,  reinforced  with  No. 
82  Expanded  Steel  (one  layer)  ;  Division  Wall,  1  ft.  0  in.,  reinforced  with  rrrri 
No.  62  Expanded  Steel  (one  layer).      Buttrexses   on  outaide  walls,  I  ft.  \ 
0  in.  at  10  ft.  0  in.  centres.     Expanded  Steel  in  walls  between  buttresses  j  — 
returned  thus — 

with  tension  strip  2ft,  6  in.  wide  near  inner  face  of  wall.  Cover  6  in. 
thick,  reinforced  with  No.  61  Expanded  Steel  (one  layer),  supported  on 
R,  8.  Joiste  on  C.  I.  Columns  in  the  usual  way. 
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Cement  Bins  at  Chicago 

Figs.  480  and  481  show  the  plan  and  section  of  a  set  of  four  cylindrical  cement 
bins  of  reinforced  concrete  on  the  Monier  system,  lately  built  for  the  Illinois  Steel 
Company  in  South  Chicago.*  The  total  capacity  of  the  bins  ia  about  1,150  tons. 
The  scale  on  Fig.  481  applies  to  the  plan  also.  The  base  is  formed  of  a  layer  of 
concrete  3  feet  thick,  with  a  netting  of  ^-inch  round  steel'rods,  with  a  9-inch  mesh 
embedded  about  5  inches  from  the  bottom,  the  rods  being  tied  together  at  their 
intersections  with  No.  18  wire  (U.S.  standard)  0-05  inch  diameter. 

A  series  of  piers  rise  from  this  bed,  being  12J  feet  high  and  22  inches  wide  ; 
»  Described  in  Engineering  News,  December  11,  1902. 
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those  near  the  outer  circumference  of  the  bins  are  3  feet  6  inches  long,  but  near  the 
central  portion  of  the  structure  they  are  from  6  feet  8  inches  to  7  feet  10  inches 
long. 

The  small  piers  have  a  reinforcement  of  four  steel  rails  connected  by  spacing 
bars  riveted  to  them,  and  resting  on  ^inch  steel  plates  embedded  about  15  inches 
u— . — Tgi — .j         below  the  surface  of   the  floor  slab,  and  their 

■,t — I         upper  ends  abut   against  similar  plates.     The 

'  -  l^er  piers  have  a  reinforcement  of  six  or  eight 
rails.  Details  of  the  piers  are  shown  in  Fig. 
482,    The  tops  of  the  piers  are   connected  by 


f 


4  feet  by  15-inch  reinforced  concrete  girders  on  caps,  with  vertical  openings  at 
intervals  for  the  discharge  spouts. 

Each  cap  is  reinforced  by  four  horizontal  straight  rods  near  the  top  and  four 
rods  bent  in  the  form  of  a  truss,  with  sheets  of  wire  netting,  on  each  aide  of  each 
pair  of  rods.  Fig.  483  shows  the  details  of  the  caps.  The  bins  rest  on  this  system 
of  capping,  their  walls  being  7  inches  thick  in  the  lower  part  and  6  inches  thick 
at  the  top. 

The  reinforcementa  consist  of  a  continuous  network  of  No.   9  wires  (0-156 
inch  diameter)  electrically  welded  at  their  intersections,  forming  meshes  1  inch 
by  4  inches  around  the  network,  and  alternately  inside  and  outside  are  placed  a 
s^es  of  rods  1  inch  in  diameter  near  the 
base  and  var3mig,  as  shown  in  Fig.  480,  to 
f-inch  diameter  at  the  top  ;  these  rods  are 
placed  4  inches  apart  and  are  tied  to  the 
netting  by  wires. 

The  top  of  each  bin   is   finished  by   a 
ring  of  &-inch  Z-bar.     The  conical  roofs  are 
2  inches  thick,  with  a  manhole  at  the  edge 
and  an  opening  at  the  top  for  the  spout. 
The  bottoms  of  the  bins  are  made  conical, 
with   eight   discharge   openings  in  each  in 
the  annular  space  between  the  base  of  the  cones  and  the  sides  of  the  bins.    The 
openings  are  about  16  inches  by  48  inches,  and  each  serves  two  spouts  leading  to 
conveyors.     The  conical    bottoms    are  4  inches  thick,  reinforced  with  rods  and 
netting,  as  shown  in  Fig.  484.     Between  each  of  the  four  cylindrical  bins  is  a 
dO-inch  cylindrical  shaft,  and  a  further  bin  is  constructed  in  the  central  portion 
between  the  cylindrical  bins,  details  of  which  are  shown  in  Fig.  465. 

The  concrete  for  the  foundation  slab  and  piers  was  formed  of  1  part  of  Port- 
land cement  to  3  parts  of  coarse  sand  and  4  parts  of  broken  stone.      That  for  the 
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bins  was  composed  of  I  part  of  Portland  cement  to  3}  of  sand,  no  stone  being 
employed.  I^e  concrete  was  mixed  moderately  wet,  and  lightly  rammed  in  wooden 
moulds. 

Grain  Silos  at  Ob^ramstadt  (Germany) 
This  is  a  very  lai^e  structure  of  thirteen  silos,  six  of  which  have  a  total  height 
of  44*78  feet,  the  remainder  being  35-27  feet  high.     They  are  con- 
structed   entirely    of   reinforced    concrete,    by  the   firm   of  G.  A 
Waysa  and  Fraytag,  on  the  Monier  system. 

The  walls  have  a  thick- 
ness of  8-46  inches  at  the 
bottom  and  4*72  inches  at 
the  top,  and  rest  on  columns 
19'69  X  15*75  inches,  rein- 
forced with  nine  rods  0-86 
inch  diameter.  The  feet  of 
the  columns  rest  on  a  rein- 
forced slab  of  9-84  feet  wide 
and  9-84  inches  thick,  which 
runs  round  the  whole  struc- 
ture, tying  the  bases  of  thp 
columns  together. 

The  bottoms  of  the  silos 
are  formed  inclining  both 
ways  from  the  centre,  and 

are   7-87   inches   thick,    and  Di~tj.i    of    c»ntmi   ram.    Bottom 

rest    on    reinforced     beams  ^°'  ^^^ 

which  run  from  column  to  column.  These  beams  are  reinforced  with  four  rods, 
two  of  0*87  inch,  and  two  of  0-71  inch,  placed  along  the  bottom. 

The  reinforeemeEt  of 
General  Views  the  walls  consista  of  psure 

of  vertical  rods  0*59  inch 
diameter,  one  at  each  side 
of  the  wall,  and  horizon- 
tal rods  of  diameters  be- 
tween 0-71  and  0-27  inch 
diameter,  and  varying  ac- 
cording to  the  pressure, 
the  several  sizes  being  in- 
termixed as  required  to 
obtain  the  proper  section- 
al area  of  metal  for  the 
portion  of  the  height  under 
consideration.  The  tops 
of  the  walls  are  stifFened 
by  a  9-84  x  9-84  capping, 
reinforced  with  four  rods 
of  0-47  inch  diameter,  one 
at  each  comer. 
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The  whole  aeries  of  bUos  only  cost  £675,  or  about  half  the  cost  of  a  similsr 
stmctare  in  ordinaiy  masonry.  Fig.  186  ahowa  the  general  anangement,  and 
Fig.  487  the  details. 

Coal  Pocket  at  the  Bevan  Works  of  the  Associated  Portland  Cement 
Manufacturers 

Thia  pocket  for  storing  bituminous  coal  and  constructed  on  the  Eahn  System 
at  Bevan  is  shown  in  Fig.  188.  It  is  76}  feet  long,  68  feet  wide  and  23  feet 
deep  to  the  tops  of  the  emptying  tnimeb  through  which  chain  conveyors  run  for 
carrying  the  coal  away  from  the  pocket.  Another  conveyor  runs  over  the  top, 
from  which  the  coal  is  deposited  in  the  bin.  Fig.  489  shows  enlarged  sections 
of  the  side  and  end  walla.  The  ribs  supporting  the  side  wall  are  secured  to  beams 
passing  below  the  tunnel,  and  the  bottom  of  the  side  walls  of  the  tunnel  are  rein* 
forced  with  Kahn  Bare,  the  presaure  on  the  floor  of  the  bin  being  carried  through 
the  side  walls  of  the  tunnel  on  to  the  cross  beama  which  transfer  the  load  to  the 
ribs  supporting  the  aide  wall  of  the  bin. 

The  hollow  spaces  under  the  bin  are  filled  in  with  chalk,  the  inclined  floor 
slabs  being  moulded  upon  this  dry  filling.  Kahn  truaaed  bars  are  used  throughout 
for  the  reinforcement. 

III.     AQUEDUCTS,  PIPE  LINES  AND  SEWERS 
The  Aqueduct  carrying  Water  to  the  Simplon  Tunnel  Works 

This  aqueduct  carries  the  water  from  the  Bhone  to  the  northern  face  of  the 
new  tunnel  for  use  in  ventilating  and  mining.  The  canal  is  1-86  miles  long,  with 
a  fall  of  6-35  feet  per  mile.     A  view  of  a  portion  of  the  length  is  given  in  Fig.  490. 


Fia.  480 

The  canal  is  roofed  over,  and  is  carried  on  supports  I6'l  feet  apart.    The  details 
4tre  shown  in  Fig.  191. 

The  conduit  is  6*23  x  6-23  feet  inside,  and  has  side  walls  3-91  inches  thick ; 
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the  bottom  having  a  thickness  of  3-94  inches  at  the  eides,  and  being  thickened 
out  towards  the  centre,  where  it  attains  a  thickness  of  5-91  inches.  The  roof  is 
formed  in  a  similar  manner,  having  a  thickness  of  3-lS  inches  at  the  sidee  and 
4-72  inches  at  the  centre.  The  vertical  reinforcing  rods  in  the  walls  aie  0*394 
inch  diameter,  and  are  spaced  7*87  inches  apart.  There  are  also  three  longitudinal 
rods  at  the  top,  bottom  and  centre,  the  one  at  the  top  being  0-63  inch,  that  at  the 
centre  0-315  inch,  and  that  at  the  bottom  '0*69  inch  in  diameter.  There  is  also  a 
trussed  rod  0*59  inch  diameter  passing  along  the  bottom  at  the  centre  of  the  span, 
and  being  bent  up  to  the  top  at  the  sides. 

The  reinforcement  of  the  bottom  is  made  up  of  two  sets  of  rods  of  0-394  inch 
and  0-315  inch  diameter,  both  seta  being  spaced  7*87  inches  apart ;  the  0*394  inch 
rods  are  bent  up  and  form  the  side  reinforcements,  and  those  of  0*315  inch  diameter 


Coupe  -6»tv4ltudiitflcte . 


are  also  bent  up  and  extend  1*48  feet  into  the  sides.  There  are  also  two  lon^ 
tudinal  rods  of  0-315  inch  diameter,  spaced  evenly  on  each  side  of  the  centee. 

The  top  is  reinforced  with  two  sets  of  rods,  each  spaced  7*8?  inches  apart, 
one  being  0-275  and  the  other  0*236  inch  in  diameter.  All  the  rods  have  stirmps 
passing  round  them,  these  being  formed  of  0-787  X  0*038  inch  hoop  iron. 

The  general  arrangement  of  the  reinforcements  is  clearly  shown  in  the  details. 

The  canal  is  supported  on  reinforced  concrete  columns  with  a  mean  height 
of  13  to  19*6  feet,  and  was  constructed  on  the  Hennebique  ayetem.  The  loading 
used  in  the  calculations  was  an  exterior  load  of  61  pounds  per  square  foot,  and  a 
head  of  water  inside  of  1*31  feet  above  the  top  of  the  side  walls. 

When  constructing  the  canal,  expansion  joints  open  to  the  interior  were  left 
over  the  supports  ;  these  joints  were  filled  after  the  first  contraction  of  the  cement, 
some  few  being  covered  externally  with  a  sheet  of  flexible  metal. 

The  canal  is  always  full  of  water,  and  therefore  does  not  sufier  tit>m  changes 
of  temperature.  Any  small  fissures  are  very  soon  filled  up  by  the  silt  carried  down 
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by  the  water,  and  leakage  is  thereby  prevented.     The  cost  was  about  £3  13s.  per 
yard  nm. 


Fio.  492 
Canal  o£  reinforoed  ooncreto  oa  the  Hennebiqut  tyiUm  at  Fiflnvjlliew,  Switzerland. 

Pipe  Line,  2,300  yards  long,  for  the  Hydro  Electric  Works  of  Champ 

(Is^re) 

This  condnit  was  constmcted  by  the  firm  of  Rossignol  and  Delamarohe,  of 
Grenoble,  and  is  designed  to  resist  a  head  of  65-6  feet  of  water. 

The  invert  of  the  pipe  proper  is  surrounded  with  a  layer  of  hme  concrete, 
the  cross-section  of  which  has  an  extrados  in  the  form  of  a  polygonal  figure  of  five 
sides,  the  bottom  being  5-S8  and  the  other  sides  4-23  feet  across. 

The  least  thickness  of  this  outer  layer  was  10  inches,  and  the  greatest  (at  the 
bottom)  about  2  feet.  The  diameter  of  the  pipe  is  10-S2  feet,  and  the  thickness  of 
shell  from  7-9  to  9-8  inches. 

The  reinforcement  consists  of  hoops  formed  of  iron  rods  from  0-43  to  0-89 
inch  diameter,  and  longitudinals  of  rods  from  0-24  to  0-48  inch  diameter.  The 
hoops  were  spaced  4  inches  apart,  and  the  longitudinals  4}  inches.  The  length 
of  the  rods  was  approximately  37  feet,  and  the  hoops  were  constructed  on  the  site 
of  the  works,  three  men  forming  about  3,000  hoops  per  day,  or  sufficient  to  construct 
a  length  of  984  feet. 

The  joints  of  the  hoops  were  welded,  the  rods  being  jumped  up  so  that  the 
joint  WAS  somewhat  thicker  than  the  rest.  Six  forges  were  kept  constantly  at 
work,  each  welding  500  hoops  per  day.  The  semi-circular  layer  of  lime  concrete 
was  first  formed  ;  when  this  was  in  place  five  ribs  of  2  inches  depth  were  carefully 
formed  running  parallel  to  its  axis  on  which  the  hoopa  were  placed.  When  the 
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hoops  were  in  position  the  longitudinals  were  placed  inside  them,  at  the  proper 
distance  apart,  and  the  two  tied  together  with  iron  wire. 
The  mould  for  constructing  the  pipes  was  formed  of — 

1.  An  extensible  core. 

2.  An  outer  shell  in  two  halves. 

3.  An  end  cap  in  two  pieces,  one  inside  and  one  outside  the  reinforcement. 
The  core  and  shell  were  held  together  by  distance  pieces  and  bolts,  and  their 

spacing  was  ruled  by  the  thickness  of  the  cap,  which  was  7-9  inches. 

The  length  of  the  mould  was  14-76  feet,  which  allowed  a  length  of  1342  feet 
to  be  constructed  without  moving  the  falsework,  which  was  heavy  and  not  easily 
handled.     The  cement  mortar  forming  the  shell  of  the  pipe  was  run  in. 

The  Duplication  of  the  Inverted  Syphons  Carrying  Water  to  Brussels 

In  September,  1902,  the  Compagnie  Intercommunale  des  Eaux  of  Brussels 
commenced  the  duplication  of  several  of  their  syphons,  using  reinforced  concrete 
pipes.  The  first  portion,  a  length  of  about  2  J  miles,  was  carried  out  hjM.Bonna, 
and  completed  in  August,  1903.  The  pipes  laid  under  this  contract  have  now 
been  in  use  for  some  time,  and  have  given  every  satisfaction. 

The  second  portion  of  the  work,  which  was  commenced  in  April,  1904,  was 
let  to  M,  Bordtnave,  and  comprises  a  total  length  of  about  2  miles. 

The  concrete  for  all  the  pipes  is  mixed  in  the  proportions  of  1,180  pounds  of 
(luick-setting  cement  of  the  Porte  de  France  to  1  cubic  yard  of  clean  gravelly  sand. 

The  ultimate  tensile  strength  of  the  steel  is  56,880  to  63,990  pounds  per  square 
inch,  with  a  mean  elongation  of  20  per  cent.,  and  a  minimum  of  18  per  cent. 

The  steel  has  to  be  bent  both  ways,  hot  and  cold,  without  any  sign  of  cracking. 

The  tubes  inserted  between  two  reinforcing  skeletons  in  the  Bonna  pipes. 
when  the  head  exceeds  65-6  feet,  are  of  steel  ^V  ^^  *^  "^^^  thick. 

The  pipes  measure  13*  12  feet  when  laid,  and  the  variation  in  thickness  of  shell 
is  not  allowed  to  exceed  0'17  inch. 

The  length  of  the  collars  at  the  joints  is  11-8  inches. 

The  size  of  the  spirals  is  calculated,  allowing  a  safe  stress  of  11,376  pounds 
per  square  inch  on  the  steel. 

Tables  LXXXVII  and  LXXXVIII  give  the  details  of  the  various  syphons- 

Up  to  May,  1906,  18«63  miles  of  reinforced  concrete  pipes  have  been 
mostly  on  the  Bonna  system. 

TABLE  LXXXVn 
Syphons  Constbuctbd  by  M.  Bonna 


Description  of  Syphon 


Diameter 
Inches 


Syphon  de  la  Thyle 
Syphon  de  Rg-d'Her 
Syphon  de  la  Dyle 
Syphon  du  Cala 


27-66 
23-62 
29-53 
31-54 


Total  lengths    . 


Length,  Yards 


With  Steel  Tubes 

Inserted 
Head  over  65*6  ft. 


88 

131 

1170 

176 


1664 


Without  Steel 

Tubes 

Head  under65*6  ft. 


Maximum  Heads 
Feet 


339 

481 

1232 

906 


2957 


75-5 
101-7 
137-8 

88-6 
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TABLE  LXXXVin 

DeaoriptioD  of  Sypbon 

DumMar 

"ss; 

lUlin»m>  Uwit 

Syphon  de  Tongrinne     .         . 
Syphon  de  Sombrefie     . 
Byphon  de  Mwbaig 
Syphon  de  Waterloo 
Syphon  de  U  Grande  Espinette 
Syphon  de  la  Foret  de  Soignes 

43-3 
43-3 
27  ■« 
39-4 
39-4 
394 

609 
372 
344 
1091 
703 
89S 

2! -3 
31-2 
HI 
23-0 
171 
18'4 

ToUl  length 

3BI4 

Argenteuil  Tunnel  for  the  Sewage  System  of  Paris 
This  tunnel  is  a  part  of  the  main  drainage  system  to  the  sewage  farm  at  Acheres. 
From  the  pumping  station  of  Colombes  to  the  top  of  the  Argenteuil  hill  the  sewage 
is  carried  in  pressure  mains  ;    from  this  point,  after  crossing  the  Seine,  the  two 
conduits  of  5-91  feet  diameter  are  laid  in  a  tunnel  of  the  form  shown  in  Fig.  494. 
This  subway  was  constructed  by  M.  Coignet,  and  reinforced  after  the  Monier 
system.     The  invert  is  of  plain  concrete,  and  slopes  each  way  to  a  rectangular 
dtain,  as  shown.     The  span  of  the  tunnel  is  16'92  feet,  and  the  height  from  invert 
to  crown  10-95  feet.    The  arch  is  ellipti- 
cal, with  a  rise  of  6-56  feet,  and  tbecurre 
of  the  arch  is  continued  for  the  side  walls, 
making  the  section  of  the  tunnel  of  the 
horseshoe  shape.     The  thickness  of  the 
concrete   in  the  arch  and  side  wall^  is 
only   3-54    inches,    strengthened   at  the 
haunches,  as  shown  in  the  figure. 

The    reinforcement   consists  of  two 
series  of  steel  rods  4-33  inches  Kpaxt;  the 
set  oi  rods  following  the  curvature  of  the 
arch  and  side  walls  are  0>67  inch  diameter, 
Fio.  494  and  are  continuous  throughout  their  en- 

tire length  ;  the  ends  rest  in  1  •97x0-98 
inch  channel  steels.  The  longitudinals  are  0-748  inch  diameter,  and  are  placed  inside 
the  curved  rods  from  the  bottom  of  the  side  walls  to  a  distance  of  3-28  feet  above 
the  springings  of  the  arch.  For  the  remainder  of  the  arch  they  are  placed  on  the 
outside. 

The  curved  rods  are  placed  at  the  centre  of  the  thickness  of  the  concrete. 
One  of  the  pipe  lines  through  the  tunnel  is  of  steel.    The  other  is  of  reinforced 
concrete,  5-9  feet  diameter,  and  3-94  inches  thick,  was  constructed  by  M.Bonna, 
and  is  described  in  detail  elsewhere  (p.  33). 

Sewer  at  Philadelphia,  U.S.A. 
Fig    495  shows  the  longitudinal  and  transverse  sections  of  a  reinforced  con- 
crete sewer,  on  the  Sansome  eystem,  constructed  in  McKean  Street,  Philadeif  hia.' 
>  Deecribed  in  tlie  Ungineering  Record,  April  12,  1902. 
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The  special  form  of  section  was  rendered  necessary  in  consequence  of  the  small 
cover  over  the  roof. 

The  roof  consists  of  a  series  of  beams  13  inches  deep  and  4  inches  thick,  spaced 
2  foet  centre  to  centre,  and  reinforced  by  one  straight  bar  near  their  underside. 


Loncjlfudincil  Section. 


The  concrete  was  in  the  proportions  of  1:2:5.  The  sand  ranged  in  size  up  to 
i  inch,  and  the  broken  stone  from  i  inch  to  1}  inches. 

The  floor  and  side  walls  were  reinforced  as  shown,  the  concrete  being  in  the 
proportions  of  1:3:6. 

The  granohthio  finish  was  formed  of  1  part  of  Portland  cement  to  1  of  sand 
and  1  of  granohthio  grit.  That  for  the  side  walls  was  placed  in  a  layer  1  inch 
thick,  on  the  face  of  the  moulds,  in  advance  of  the  main  work,  and  the  stones  in 
the  body  of  the  concrete  were  carefully  kept  back  from  the  face.  The  granolithic 
finish  to  the  invert  was  made  2  inches  in  thickness.  When  the  surfaces  had 
hardened  they  were  brushed  over  with  a  grout  of  1  of  Portland  cement  to  1  of 
«and.  Ransome  square  twiated  steel  bars  were  used  throughout  for  the  reinforce- 
ments. 


Sewer  at  Harrisburg, 
U.S.A.' 


Fig.  496  shows  a 
6-foot  intercepting  sewer, 
reinforced  with  "  ex- 
panded metal,"  con- 
structed at  Harrisburg, 
Pa.,  U.S,A.,  where  a 
14-foot  by  8-foot  inlet 
regulating  chamber  and  a 
5-foot  by  3i-foot  oval 
silt  basin  are  also  con- 
structed of  concrete  re- 
inforced   with-  a     3-inch 

■  Described  ii 


the  Engineering  Record,  October  11,  1902. 
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mesh  of  No.  10  expanded  metal,   and  ako  a  4-foot  sewer  of  the  same  form  of 
section  as  shown. 

The  lengths  of  the  5-foot  and  4-foot  sewers  were  386  and  7,636  feet  respectively. 


fi'^>i' 
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Sewer  for  the  City  of  Clevedon,  U.S.A.^ 

This  sewer  is  3^  miles  long  and  13^  feet  internal  diameter,  and  is  being  built 
of  reinforced  concrete  at  a  cost  of  about  £230,500. 

A  length  of  about  two  miles  is  35  to  44  feet  below  the  surface,  and  is  only 
17  feet  in  the  clear  away  from  the  centre  line  of  the  Lake  Shore  and  Michigan 
Southern  Railway.  This  section  is  being  constructed  in  an  open  trench  of  the 
cross-section  shown  (Fig.  497). 

The  invert  is  not  reinforced,  but  the  side  walls  have  two  staggered  rows  of 
2  X  ^-inch  steel  bars  16  inches  apart  centre  to  centre,  built  in  so  as  to  project  into 
the  arch  ring.  After  the  centering  is  in  position,  two  further  rows  of  similar  bare, 
curved  as  shown  in  Fig.  497,  are  placed  in  position  and  bolted  to   the  bare 

projecting  from  the  invert.  To 
these  bars  are  bolted  eight  lines 
of  horizontal  1^  x  ^inch  steel 
bars  placed  longitudinally. 

Portland    cement   mortar  3- 

inches  thick  is  then  laid  on  the 

lagging  embedding  the  inner  row 

of   bars,  and  forming  a  finished 

surface  for  the  soffit  of  the  arch, 

1 1 1  I    the  lagging  having  been  covered 

' !  "^    with  building  paper  water-proofed 

:;]    with  paraffin. 

Before  this  layer  of  mortar 
is  set,  the  concrete  is  rammed  in 
between  it  and  the  sheet  piling 
to  a  height  of  18  inches  above 
the  springing  line,  and  the  re- 
mainder of  the  concrete  rammed 


■■■.■:  ■     *  !'..:■" 
■  ■.■■    '\  ■    ' /•  . 
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in  against  the  mortar  without  the 
use  of  outside  moulds.  The  mo^ 
tar  is  of  sufficient  thickness  to  prevent  any  of  the  stones  in  the  concrete  pene- 
trating to  the  soffit. 

The  arch  concrete  is  generally  mixed  in  the  proportions  of  1  of  Portland  cement 
to  3  of  sand  and  7^  of  broken  stone,  screened  through  a  l^inch  mesh,  but,  where 
the  voids  in  the  stone  exceed  40  per  cent.,  the  proportions  are  1  to  3  to  6.  The 
back  filling  is  commenced  as  soon  as  the  concrete  is  6  to  12  hours  old,  but  the  centers 
are  not  removed  until  two  weeks  have  elapsed. 

The  Gilbert  Street  section,  as  shown  (Fig.  498),  is  about  2,000  feet  long,  and 
from  24  to  30  feet  below  the  surface. 

For  this  section  round  rods  are  used  for  the  reinforcement,  and  are  hooked 
together,  as  shown  in  the  details  (Fig.  498),  instead  of  being  bolted,  and  are  placed 

*  Described  in  the  Engineering  Record,  August  29,  1903. 
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in  a  different  manner,  as  shown.  The  primary  rods  only  are  anchored  to  those- 
projecting  from  the  side  walls,  the  anchoring  being  at  a  distance  of  about  2  feet 
above  the  springing  line. 

These  rods  are  calculated  to  take  the  tensile  stresses,  but  are  insufficient  at 
the  crown,  where  a  secondary  system  is  placed  alternately  with  the  main  rods, 
being  curved  to  follow  the  curve  of  the  intrados,  with  their  ends  bent  out  radially 
to  obtain  a  hold  on  the  concrete.  These  secondary  rods  extend  for  about  40°  on 
each  side  of  the  vertical  centre  line. 

Both  sets  of  rods  are  f  inch  diameter,  and  are  spaced  6  inches  apart  at  the 
crown. 

On  these  rods  are  placed  i-inch  longitudinals,  which  are  tied  to  them  at  the 
intersections  with  wire. 

At  A  (Fig.  498),  vertical  hooked  and  bent  rods  are  placed  to  tie  the  curved 
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Fig*  498 


Sewer  constructed  at  Hamburg  oa 
the  Monier  syBtem. 


rods  to  the  concrete  at  the  crown.  The  reinforcements,  which  are  embedded  in 
the  side  walls,  are  |  inch  diameter,  the  outer  series  being  placed  to  counteract  any 
tendency  to  spreading  of  the  completed  sewer  and  to  prevent  the  side  walls  being 
forced  inwards  during  construction. 

The  construction  of  this  sewer  is  on  the  sjrstem  of  Mr,  Waller  G.  Pamdey^ 
M-  Am.  Soc.  C.E.,  who  is  Assistant  City  Engineer,  and  who  is  in  charge  of  the  sewers. 

The  average  contract  price  for  the  sewer  of  reinforced  concrete  on  the  Parmley 
system  is  about  £13  per  lineal  foot,  whereas  for  construction  in  ordinary  brickwork 
the  tenders  were  about  £15  15«.  per  lineal  foot. 

About  3  J  miles  of  other  sewers  are  being  constructed  in  Cleveland  on  the 
same  system,  varying  from  5^  to  12^  feet  internal  diameter,  at  a  cost  of  about 
£113,143. 

Table  LXXXIX  gives  the  approximate  prices  of  pipes  and  sewers  con- 
Btructed  on  the  Monier  system  by  Herren  Wayss  und  Fratag. 
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TABLE  LXXXIX 


Circular  Pipes 

Egg-shaped  Sewers 

Diameter 
in  inches 

Thickness   of 
shell  in  inches 

Price 
per  yard 

Diameter 

Thickness  of 

Shell, 

ins. 

Price 
per  lin-ysid 

24 

28 
32 
36 
40 
44 
48 
60 
60 

H 
U 
ij 
U 

2 

2J 
2t 
21 

8,    d, 
8     4 
10     8 
12     6 
15     0 
17     9 
22     9 
26     0 
28     0 
37     0 

in.        in. 
12   X    18 
14    X    21 
16    X    24 
20    X    30 
24    X    36 
28    X    42 
32    X    48 
36    X    54 
40    X    60 

i 
1 

H 
U 

If 
H 

2i 
2| 

8.     (L 

4  9 

5  9 

7  0 

8  6 
12    0 
15    0 
20    6 
28    0 
34    0 

The  above  prices  are  8eUing  prices  at  the  factory  in  Germany,  and  it  may  be  fairly  assumed 
that  they  are  little  more  than  P.C.  Value  in  England,  so  that  10  per  cent,  or  15  per  cent,  might 
be  added  as  seller's  profit. 


IV.  BRIDGES  1 
Plougastel  Bridge 

The  Plougastel  Bridge  over  an  estuary  at  Plougastel,  in  the  department 
of  Finistere,  was  designed  by  M.  Considere  after  carrying  out  the  experiment  on 
the  Pont  D'lvry  described  in  Appendix  I,  and  is  certainly  the  boldest  design 
yet  attempted  in  reinforced  concrete. 

The  main  spans  of  the  bridge  are  designed  as  bowstring  girders  supported  on 
cantilevers,  both  these  and  the  side  spans  being  constructed  of  reinforced  con- 
crete with  open  braced  webs,  with  the  exception  of  the  swing  bridge  at  the  right 
end  of  Fig.  600,  which  is  constructed  of  steel. 

It  will  be  noticed  that  the  members  of  the  reinforced  concrete  spans  show 
no  larger  dimensions  in  elevation  than  would  have  been  necessary  had  they  been 
constructed   of  steel. 

The  bridge  is  to  carry  a  tramway  and  ros/d,  and  is  23  feet  8  inches  wide  between 
the  over-hanging  parapets  through  the  whole  length,  excepting  that  portion  occupied 
by  the  bowstring  spans,  the  main  ribs  being  18  feet  2  inches  apart  centre  to  centre 
throughout  the  entire  length  of  the  bridge. 

Figs.  501  and  602  give  enlarged  details  of  the  bridge,  the  main  cross-sections 
referring  to  those  shown  in  Fig.  500.  The  decking  is  reinforced  with  transverse 
and  longitudinal  rods  in  the  usual  way. 

The  bars  from  the  vertical  and  inclined  bracing  are  secured  to  the  top  and 
bottom  chords  in  a  similar  manner  as  that  described  in  the  case  of  Pont  D'lvrj 
(Fig.  667,  p.  564). 

The  wind  bracing  of  the  bowstring  girders  is  carried  overhead  for  the  central 
7  bays,  the  end  bays  having  outside  stiffeners  as  shown,  section  C  D.  The  cantilevers 
are  tied  together  with  cross  bracing  as  indicated  on  section  0  H. 

Transverse  beams  are  moulded,  joining  each  pair  of  uprights  forming  the 

^  A  description  of  some  arched  bridges  erected  by  Major  Stokes-Roberts.  B.E.,  in  India, 
is  given  in  Appendix  IV. 
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panels  of  the  bowatring  girders,  cantileven  and  side  spans  ;  these  beams  carry  two 
longitadinal  stringers,  wliicli  support  the  central  portion  of  the  decking. 

The  piers  will  be  formed  of  plain  concrete  carried  down  to  the  rook  bed  below 
the  bed  of  the  river.  The  contract  cost  of  the  reinforced  portion  of  the  bridge 
is  £12,776. 
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Guillec  Viaduct 

This  viaduct  is  to  carry  a  light  railway  and  was  designed  by  M,  Considdre. 
The  compression  members  are  constructed  of  hooped  concrete,  and  the  tension 
members  are  reinforced  by  series  of  straight  rods. 

Fig,  504  is  a  general  elevation  of  the  bridge,  which  consists  of  eight  55J  feet 
arches  formed  of  two  parallel  ribs  6  feet  7  inches  apart,  supported  on  braced  piers. 

The  arches  are  prevented  from  spreading  by  horizontal  ties,  the  arches  and 
ties  being  connected  together  by  vertical  posts.  The  posts  of  the  two  ribs  are 
connected  by  cross  bracing  to  resist  the  wind  pressure. 

The  spandrils  are  of  the  open  type,  the  end  bays  being  braced. 

Two  footways  are  carried  over  the  viaduct  on  corbels  projecting  from  the 
horizontal  beams  supporting  the  decking. 

Fig.  505  shows  an  enlarged  view  of  one  span  and  the  details  of  the  reinforce- 
ment. 

The  piers  are  reduced  in  thickness  from  4  feet  7  inches  to  2  feet  at  their  basee 
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to  form  a  sort  of  hinge  to  enable  them  to  rock  slightly  under  the  effects  of  tempera- 
ture stresses  causing  the  arches  to  expand  and  contract. 

The  Danville  Bridge,  Cleveland,  Cincinnati,  Chicago  and  St.  Louis 

Railway  (Fig.  606) 

This  bridge  carries  two  lines  of  railway  over  the  Salt  Fork  of  the  Vermilion  River 
and  consists  of  three  arches,  the  central  span  being  100  feet  and  the  two  side  spans 
80  feet,  with  rises  of  40  and  30  feet  respectively.  The  extrados  of  all  three  arches 
are  at  the  same  level  of  19  feet  9  inches  below  the  base  of  the  rails.  The  tracks 
are  carried  by  a  series  of  semicircular  spandril  arches,  2  feet  thick  at  the  crown 
and  8  feet  span,  springing  from  piers  baaed  upon  the  main  arches,  and  varying 
from  9  to  21  feet  in  height,  the  tracks  being  bedded  on  a  cushion  of  earthwork 
5  feet  deep.  The  spandril  filling  of  the  transverse  arches  is  brought  up  through- 
out the  whole  length  of  the  bridge  to  the  level  of  the  extrados  of  the  arches  at  the 
crown.  A  heavy  coping  is  moulded  from  this  filling  to  the  level  of  the  base  of  the 
rail  to  retain  the  earth  cushion  and  form  a  finish. 

There  is  a  manhole  at  the  centre  of  the  bridge  to  give  access  to  the  top  of 
the  main  arches  and  3  by  4  feet  arched  openings  are  left  in  the  piers  of  the  spandril 
arches.  Above  the  springings  of  the  main  arches  the  pilasters  are  carried  up  as  a 
reinforced  facing  slab,  16  feet  wide  and  3^  feet  thick,  being  hollow  internally;  the 
transverse  walls  are  formed  by  the  piers  of  the  spandril  arches  next  to  the  spring- 
ings, which  have  brackets  projecting  12  inches  on  the  inside  of  concrete  reinforced 
with  rails  4  feet  long  and  4  feet  apart.  These  brackets  carry  reinforced  concrete 
slabs  2  feet  thick,  which  are  freely  supported  on  rails  embedded  in  the  tops  of  the 
piers  and  bearing  against  similar  rails  projecting  from  the  underside  of  the  slabs, 
so  that  they  may  act  as  expansion  joints  as  shown  in  Fig.  506.  These  slabs  are  26 
feet  long,  being  the  width  of  the  bridge  between  the  copings. 

At  the  abutments  similar  expansion  joints  are  formed  by  leaving  the  end 
arches  with  a  free  horizontal  plane  formed  in  the  same  maimer  as  in  the  case 
of  the  slabs  at  the  main  piers.  Two  layers  of  felt  were  placed  between  the  two 
surfaces  of  the  concrete  at  the  expansion  points  and  carried  up  to  within  2  inches 
of  the  top  of  the  vertical  joints,  the  remaining  space  being  filled  with  asphalte. 

The  entire  structure  above  the  springings  of  the  main  arches  is  reinforced 
with  Johnson  corrugated  bars,  the  details  of  which  are  shown  in  Fig.  506.  The 
main  arch  rings  are  reinforced  near  the  extrados  and  intrados  with  1  inch  bars 
12  inches  apart  and  overlapped  4  feet  at  their  ends.  These  bars  are  6  inches  from 
the  surface  at  the  crown  and  2  feet  at  the  haunches,  a  series  of  ^  inch  transverse 
bars  33  feet  long  are  placed  below  the  longitudinals  at  the  extrados  and  above 
those  at  the  intrados.  The  arch  rings  are  3^  feet  deep  at  the  crown  and  thicken  out 
towards  the  springings.  The  arch  ring  of  the  100  foot  span  was  divided  into  eleven, 
and  those  of  the  80  foot  spans  into  nine,  sections,  as  shown  in  the  figure,  the  several 
sections  of  each  arch  ring  being  moulded  in  the  order  of  the  numbers  figured  on 
the  drawing,each  pair  of  sections  being  placed  in  one  shift,the  concrete  being  placed 
iirst  on  one  side  and  then  on  the  other  to  equalize  the  loading. 

The  pilaster  face  walls  at  the  piers  and  abutments  are  reinforced  9  inches  from 
the  outer  face  by  f-inch  vertical  bars  12  inches  apart  with  their  lower  ends  embedded 
in  the  top  of  the  main  arch  piers  and  their  upper  ends  into  the  coping. 

Transverse  1-inch  bars  14  feet  long  are  placed  at  the  back  of  the  vertical  bars 
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and  spaced  4  feet  apart.  The  horizontal  transverse  rods  of  the  slabs  to  the  expan- 
sion joints  were  extended  into  the  plasters  and  alternately  bent  up  and  down  at 
45°.  The  inner  faces  of  the  pilaster  slabs  bear  against  the  ends  of  the  spandril 
arch  piers  and  the  slabs  forming  the  expansion  joints,  but  are  separated  from  them 
by  sliding  joints. 

The  piers  of  the  spandril  arches  were  reinforced  with  two  sets  of  |-inch  vertical 
bars  12  inches  apart,  and  bent  out  at  the  top  over  the  spandril  arches,  one  set  being 
placed  near  each  face.  Two  further  sets  of  short  |-inch  bars  spaced  12  inches  apart 
were  placed  at  the  bottom  of  the  piers  and  bent  out  into  the  arch  rings  to  resist 
the  shearing  stresses  induced  in  the  main  arch  rings  at  the  base  of  the  spandril 
arch  piers  and  to  tie  these  to  the  arch. 

The  concrete  for  the  reinforced  portions  was  mixed  in  the  proportions  of  1 
of  cement,  2  of  sand  and  4  of  broken  stone ;  that  for  the  abutments  and  main 
piers  was  of  1  to  3  to  6,  while  the  footings  were  formed  of  a  weaker  mixture  of  1  to  4 
to  8. 

All  the  concrete  was  mixed  quite  wet  and  was  spaded  well  back  from  the 
forms  on  exposed  faces,  but  no  special  mixture  was  employed  for  a  facing  nor  were 
the  surfaces  rendered,  an  excellent  natural  face  being  obtained  together  with  a 
considerable  saving  of  expense. 


;e  at  Soissons-Aisney  France  ^ 

This  bridge  was  constructed  in  1904  by  M,  Hennebique,  It  is  on  a  skew  of  60^ 
and  carries  a  road  with  two  footways  and  railway  track,  the  total  width  between 
parapets  being  46  feet. 

Fig.  507  shows  the  elevation  and  details  of  this  bridge.  The  central  span  is  81 
feet,  and  the  two  side  spans  80  feet,  the  supporting  piers  being  5  feet  wide  at  the 
springings  of  the  arches. 

Each  span  consists  of  seven  arched  ribs  with  a  rise  of  about  8  feet  connected 
at  their  extrados  by  a  horizontal  decking  stiffened  and  supported  by  transverse 
ribs. 

The  arched  ribs,  with  the  exception  of  those  under  the  parapets,  which  have 
comparatively  small  loads  to  carry,  are  widened  out  in  plan  towards  the  springings 
and  are  continued  through  the  piers  and  abutments  dividing  them  up  into  hollow 
sections  which  are  stiffened  in  the  abutments  by  transverse  ribs.  At  the  back 
of  each  abutment  there  are  a  further  set  of  longitudinal  ribs  dividing  up  the  spacing 
equally. 

The  arched  ribs  are  not  spaced  at  even  distances  apart,  since  it  was  necessaiy 
to  give  greater  support  to  the  railway  than  to  the  road,  and  for  this  purpose  ribs 
were  formed  under  either  rail.  The  other  ribs  were  spaced  one  under  each  parapet 
and  one  on  either  side  of  the  roadway. 

A  horizontal  stringer  marked  F  on  the  plan  was  formed  under  the  curb  of 
the  central  footway  on  the  railway  side.  The  continuation  of  the  arched  ribs 
in  the  abutment  are  the  same  thickness  as  that  at  the  crown,  or  10  inches  at  the 
faces  and  12  inches  for  the  intermediate  ribs,  and  the  transverse,  extra  longitudinal 
ribs  and  face  slabs  are  6  inches  thick  and  the  bottom  slab  10  inches  thick. 

The  face  slabs  for  the  piers  are  8  inches,  and  the  bottom  slab  10  inches,  in 
thickness. 

»  The  Engineer,  October  7,  1904. 
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The  intermediate  aroh  ribs  are  widened  out  to  2  feet  in  thickness  at  the 
springings. 

The  piers  and  abutments  are  supported  on  rectangular  caissons  of  reinforced 
concrete  piles  filled  in  with  slag  concrete.  The  hollow  piers  and  the  cells  formed 
by  the  ribs  in  the  abutments  are  also  filled  in  with  slag  concrete.  The  general 
method  of  reinforcement  is  clearly  shown  in  the  sections  of  the  bridge.  The  ribs 
are  reinforced  by  four  series  of  rods  2  or  3  in  number  according  as  the  arches  are 
face  or  intermediate. 

The  upper  series  is  placed  in  the  decking  of  the  bridge,  and  the  lower  follows 
the  intrados  ;  one  of  the  other  two  is  close  to  the  upper  series  at  the  supports  and 
sags  down  toward  the  lower  series  at  the  crown ;  the  remaining  series  is  placed  mid- 
way between  the  last  mentioned  and  that  near  the  intrados.  The  cross  bracing 
consists  of  two  sets  of  stirrups  placed  as  shown  in  the  cross-section. 

The  main  rods  for  the  face  ribs  are  }  inch  diameter,  and  those  for  the  inter- 
mediate rib  under  the  centre  of  the  roadway  are  1^  inches  diameter,  and  those  for 
the  other  intermediate  ribs  are  1  inch  diameter.  The  cost  of  the  bridge,  deduct- 
ing the  laying  of  the  roadway,  which  was  undertaken  by  the  local  authority,  was 
£7,900.  The  estimated  cost  of  a  similar  bridge  of  steel  was  £9,320,  and  that  for 
one  built  of  masonry  £9,720. 


over  the  Sutton  Drain  at  HulP 

This  bridge  is  constructed  on  the  Hennd)ique  system,  and  was  the  first  road 
bridge  of  reinforced  concrete  in  England.  The  method  of  construction  is  shown 
in  Fig.  608. 

The  bridge  is  slightly  on  the  skew,  the  square  span  being  40  feet ;  it  has  a 
width  of  60  feet  between  the  parapets,  made  up  of  a  40-foot  road  and  two  10-foot 
footpaths. 

The  load  to  be  carried  was  four  wagons  on  the  bridge  at  one  time,  each  carry- 
ing 25  tons  on  two  axles  8  feet  apart.  There  are  eight  main  beams  16  inches  wide 
and  2  feet  7  inches  deep  to  the  underside  of  the  decking,  which  is  6  inches  thick. 
These  beams  are  reinforced  with  4  straight  and  4  bent  rods,  1}  inches  diameter 
along  the  bottom,  and  two  sets  of  4  straight  rods  1^  inches  diameter  along  the 
top. 

The  cross-beams  are  8  inches  wide  and  10  inches  deep  to  the  underside  of 
the  floor,  and  are  reinforced  with  two  straight  rods  along  the  top  and  bottom. 
The  cross-beams  are  only  placed  under  the  roadway.  Under  the  footways  there 
are  three  cross-beams,  8  inches  wide  and  6  inches  deep,  connecting  the  bottoms 
of  the  main  beams  and  reinforced  with  four  straight  rods  tied  together  with  wire 
ties.  These  beams  are  constructed  for  the  purpose  of  carrying  water  and  gas 
pipes  across  the  bridge. 

The  parapets  and  string  courses,  which  are  of  terra-cotta,  are  supported  by 
a  projecting  ledge  of  reinforced  concrete,  carried  on  corbels. 

The  cost  of  the  superstructure  is  stated  by  the  Engineer  (Mr.  A.  E.  White, 
Borough  Engineer  of  Hull),  to  have  been  only  about  half  that  for  steel  girders 
and  decking. 

^  Description  in  Engineering,  January  2,  1903. 
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Quay  Debilly  Bridge,  Paris 
This  bridge  was  oonstruoted  for  the  Paris  Exhibition  of  1900,  being  a  con- 


tinuation of  the  Pont  d'Jena  over  the  Seine,  giving  direct  access  h>3m  the  Champ 

de  Mars  to  the  Trocadero.     It  has  a  span  of  46  feet,  and  was  constructed,  together 

'With  the  abutmeot  walls,  entirely  of  reinforced  concrete  on  the  Hennebiqae  system. 
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Fig.  609  shows  the  details  of  this  bridge  and  ite  abutments.  The  total  width 
across  was  98  feet  5  inches,  which  waa  made  up  of  a  roadway  26  feet  3  inches,  and 
two  footpaths  each  3S  feet  1  inch  wide. 

The  decking  was  7  inches  thick  at  the  centre  of  the  roadway,  reducing  to  4-92 
inches  at  the  curbs.  The  footpaths  are  raised  3-94  inches  above  the  roadwty, 
and  have  a  thickness  of  4-72  inches.  This  decking  was  carried  on  12  reinforced 
ribs  of  46  feet  span  and  2  feet  rise,  having  a  curved  intrados  and  flat  extradoa, 
their  depth  at  the  centre  being  11-8  inches  and  35-4  inches  at  the  springings,  spaced 
8  feet  and  8  feet  11  inches  centre  to  centre,  the  three  at  the  centre  having  the  8- 
foot  spacing.  They  remained  of  an  even  width  of  9-8  inches  for  some  distance  on 
each  side  of  the  centre,  and  then  tapered  out  on  both 'sides  till  their  width  at  the 
springing  is  3-28  feet,  except  in  the  case  of  the  two  outside  ribs,  which  only  tapered 
on  the  one  side. 


The  curved  ribs  were  reinforced  with  three  straight  and  three  bent  up  rods 
1-26  inches  diameter,  and  two  straight  rods  0*79  inch  diameter.  The  cross-beams 
carrying  the  decking  had  two  bent  and  two  straight  rods  of  0-59  inch  diameter. 
There  were  four  of  these  beams  in  the  length  of  the  bridge,  having  a  width  of  7-87 
inches,  and  a  depth  of  9-84  inches  to  the  underside  of  the  decking.  The  deck- 
ing and  footways  were  reinforced  with  rods  crossing  at  right  angles  0-35  incb 
diameter,  and  spaced  7-9  inches  apart. 

The  ribs  were  carried  back,  beyond  the  face  wall  of  the  abutment,  being 
anchored  to  a  slab  of  reinforced  concrete  which  had  an  L-shaped  section,  and  was 
placed  some  distance  behind  the  face  wall.  A  vertical  diaphragm  wall  was  carried 
down  on  the  centre  line  of  each  rib,  tying  the  face  and  back  L-shaped  walls  of 
the  abutment  together. 
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The  face  wall  of  the  abutment  was  carried  down  to  a  lower  level  than  the  arch 
or  wall,  and  was  also  L-shaped,  but  turned  the  opposite  way.  Besides  the  diaphragm 
walls  mentioned  above,  there  were  intermediate    series    of   narrow    ribs  carried 


down  to  the  bottom  slab  of  the  face  wall.  The  form  of  the  abutment  is  clearly 
shown  in  Fig.  609.  The  arched  ribs  were  connected  by  four  rows  of  cross-beamB 
7-9  by  9-8  inches  (the  depth  being  measured  to  the  underside  of  the  decking).     These 
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were  spaced  9  feet  2  inches  centre  to  centre,  and  assist  in  suj^rtiiig  the 
decking. 

The  bridge  waa  calculated  to  bear  a  uniformly  distributed  load  of  123  ponmk 
per  square  foot. 

The  view  (Fig.  610)  shows  the  extreme  lightness  and  graceful  appeannce 
of  the  structure. 

Bridge :— Purfleet  Jetty  » 

This  bowstring  bridge  forma  part  of  the  reinforced  concrete  jetty  built  in  the 
Thames   at  Purfleet  by  Mr.  L.  G.  Mouchel  on  the  Hennebique  system  and  carries 
.«•  a  line  of  standard  gauge  railway.     The  bridge 

P  baa  a  skew  span  of  59  feet  8  inches,  and  the  con- 

rf_o-        struction  is  clearly  shown  in  Fig.  511,    The  top 
^..  and  bottom  booms  are  each  reinforced  with  8 

>'  longitudinal  l^-inch  rods  in  the  flangea  and  witb 

two  ^-incb  rods  in  lengths  of  1 1  feet  9  inches  in 
■t  M.V     ^^^  projecting  ribs. 

The  bars  in  the  flanges  are  connected  at  tk 
posts  by  hooked  rods  1  inch  diameter,  as  shown 
in  Fig.  612. 

Further  sets  of  two  ^inch  rods  pass  disgon- 
ally  acro&B  the  posts,  their  ends  being  embedded 
in  the  concrete  ribs  to  the  upper  and  lover 
booms. 

The  decking  is  carried  by   transverse  rem- 
j.j^   gi2  forced  concrete  beams  with  longitudinal  stringen 

under  the  raila. 
The  main  girders  are  supported  at  their  ends  on  leinforced  concrete  columns 
rising  from  nests  of  piles  driven  into  the  bed  of  the  river. 

Skew  Bridge  at  Milan,  supported  by  Reinforcing  the  Parapets 

This  bridge  was  constructed  by  M.  Maciachini  on  the  Walser-Gerard  sydm. 
It  has  a  centre  span  of  83'66  feet  and  two  side  spans  of  34-78  feet,  measured  on 
the  skew,  the  skew  angle  being  65°.  The  piers  are  6-56  feet  thick,  and  are  slsc 
of  reinforced  concrete.  The  width  of  the  bridge  between  parapets  is  22-96  feet, 
including  two  footpaths  3-28  feet  wide.  The  main  beams,  which  also  form  the 
parapets,  are  1'97  feet  thick  and  6-66  feet  deep.  The  height  above  the 
footpaths  is  3-28  feet. 

The  beams  for  the  83-66  feet  span  (shown  in  Fig.  514)  had  not  sufficient  ares 
of  concrete  to  resist  the  compressive  stresses,  and  had  therefore  to  be  reinforced 
with  22  rods  of  1-89  inches  diameter.  The  bottom  reinforcement  consists  of  twelve 
rods  of  2-69  inches  diameter.  A  series  of  small  rods  are  placed  transversely  between 
each  set  of  longitudinal  rods. 

The  decking,  which  is  5-6  inches  thick,  is  carried  by  cross-beams  9-84  inches 
wide,  and  projecting  16-14  inches  below  the  decking,  with  which  they  are  mono- 
lithic.    There  are  seven  of  these  beams  for  the  side  spans  and  thirteen  for  the 

*  Engineering  Record,   November  19,  1904. 
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SOME  STRUCTURES  ERECTED  IN  REINFORCED  CONCRETE 

centre  span.  These  cross-beams  are  reinforced  with  three  rods  of  0-63  inch  diameter 
at  the  top,  and  six  rods  of  1*34  inches  diameter  along  the  bottom.  The  deck- 
ing is  reinforced  with  longitudinal  and  transverse  rods.  A  general  view  of  the 
bridge  is  shown  in  Fig.  513,  and  the  details  of  the  cross-beams,  decking  and  centre 
span  main  beams  in  Fig.  514. 


;e  over  the  River  Bormiday  at  Altare  (Italy) 

This  bridge  was  constructed  in  1901  by  M.  Maciachini  on  the  WaUer-Oerard 
systerrty  and  replaced  one  of  the  spans  of  an  old  timber  bridge.  It  is  formed  of  a 
segmental  arch  of  59  feet  span  and  6*9  feet  rise,  and  24*93  feet  wide,  having  a  depth 
of  11*8  inches  at  the  crown  and  19*7  inches  at  the  springings.  The  decking  is 
supported  from  the  arch  by  means  of  columns  3-81  feet  centre  to  centre  both  ways, 
having  a  section  of  11-9  x  11*9  inches.  The  columns  are  connected  at  the  top 
by  longitudinal  and  transverse  beams,  8*7  inches  wide  and  7-9  inches  deep  below 
the  decking,  which  has  a  thickness  of  6-3  inches.  The  arch  is  reinforced  with 
0*63  inch  diameter  rods  near  the  intrados  and  extrados,  spaced  7*9  inches  centre 
to  centre,  and  tied  together  as  shown  in  Fig.  515.  In  the  half  transverse  section 
and  the  detail  of  the  abutment  a  series  of  transverse  rods  also  0*63  inch  diameter 
are  placed  over  the  bottom  series  of  longitudinal  rods.  The  longitudinal  rods 
are  carried  down  almost  to  the  bottom  of  the  abutment  and  pier.  The  abutment 
is  9  feet  thick,  with  three  counterforts,  extending  the  thickness  to  16-4  feet,  and 
having  a  width  of  4*92  feet. 

The  system  of  reinforcement  is  shown  in  the  figure,  being  formed  of  vertical, 
transverse,  and  longitudinal  rods  0*79  inch  diameter  and  spaced  19«7  inches  apart, 
the  longitudinal  rods  being  dispensed  with  in  the  counterforts.  The  column  rein- 
forcement consists  of  four  vertical  rods  0*47  inch  diameter,  tied  together  by  wire 
ties  15*75  inches  apart,  the  vertical  rods  being  carried  well  into  the  arch  and  beams. 
The  beams  are  reinforced  with  four  0*79  inch  rods  along  the  bottom  and  three 
0-55  inch  rods  along  the  top,  connected  by  transverse  wires  as  shown.  The  longi- 
tudinal rods  forming  the  decking  reinforcement  are  0*63  inch  diameter,  and  the 
transverse  rods  0*55  inch  diameter. 

The  total  cost  of  the  bridge  was  £660. 

Bridge  over  Rock  Creek,  National  Park,  Columbia  District  ^ 

Figs.  516  and  517  show  the  details  of  a  reinforced  concrete  bridge  over  Rock 
■Creek,  in  the  National  Park,  Columbia  District,  constructed  on  the  Melan  system. 
It  is  a  five-centre  arch,  with  a  span  of  80  feet  and  a  rise  of  14  feet,  the  width  between 
the  parapets  being  24  feet.  The  thickness  of  the  arch  at  the  crown  is  18  inches, 
while  at  the  springings  it  is  increased  to  7|  feet ;  the  arch  being  thickened  out 
very  slowly  to  22  feet  each  side  of  the  centre,  after  which  it  increases  rapidly. 

The  reinforcement  consists  of  ten  steel  lattice  girders,  3  feet  4  inches  apart 
oentre  to  centre,  the  girders  being  14  inches  deep  at  the  crown,  remaining  of 
this  depth  for  a  distance  of  22  feet  each  side  of  the  centre,  and  then  increasing 
until  their  depth  at  the  springing  is  2  feet.  The  girders  are  made  up  of  top  and 
bottom  chords,  of  two  3  x  3-inch  angles,  connected  by  2  x  J-inch  lattice  bars. 

*  Described  in  Engineering  News,  October  31,  1901. 
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The  girders  are  each  in  four  lengths  connected  by  J-inch  gusset  web  plates,  and 
y\-inch  flange  covers,  each  being  22}  inches  long.  The  ends  of  the  girders  are 
formed  of  two  3  x  3-inch  angles  and  a  ^inch  gusset  plate  12  inches  long.  The 
girders  follow  the  curve  of  the  intrados  up  to  a  point  34  feet  on  each  side  from  the 
centre,  from  which  point  they  are  tangential  to  their  former  curvature,  being 
nearer  the  extrados  than  the  intrados  at  the  springing. 

The  arch  is  not  solidly  connected  to  the  abutment,  but  a  stepped  joint  is  made 
to  allow  a  small  amount  of  play.  The  facing,  balustraded  parapet,  string,  etc., 
are  all  formed  with  cement  mortar. 

The  stiffeners  shown  in  Fig.  518  were  placed  in  the  spandril  walls,  and  a 
^inch  expansion  joint  is  left  between  the  spandril  and  wing  walls  and  also  at  points 
20  feet  on  each  side  of  the  crown.     The  stiflfeners  were  formed  as  shown  in  the  figure. 

The  facing  to  the  bridge  was  formed  of  coloured  mortar,  one  part  of  lamp- 
black being  used  to  twelve  parts  of  cement,  the  proportions  of  the  mortar  being 
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1  of  cement  to  2  of  sand,  which  had  passed  a  -|-inch  mesh.  The  facing  averaged 
j-inch  thick,  and  was  carried  up  with  the  concrete  on  the  straight  work  ;  sheet- 
iron  plates  were  used  ^-inch  thick,  10  inches  deep,  and  5  feet  long,  kept  f-inch 
back  from  the  face  of  the  form  by  temporary  wood  strips.  The  mortar  was  placed 
between  the  plates  and  the  form,  after  which  the  concrete  was  put  in  position  and 
rammed  ;  the  plates  were  raised  as  the  work  was  brought  up,  4  inches  hold  being 
always  left  below  the  top  of  each  layer  until  the  next  was  complete,  or  until  the 
end  of  the  day's  work  or  completion  of  the  wall.  Where  these  sheets  could  not 
be  employed  the  mortar  was  spread  on  the  surface  of  the  forms  before  the  con- 
crete was  put  in,  care  being  taken  not  to  ram  the  concrete  through  the  face  layer. 

The  forms  for  exposed  surfaces  were  tongued  and  grooved  and  planed  ;  they 
were  coated  with  boiled  linseed  oil.  After  the  forms  had  been  removed,  the  sur- 
faces were  floated  with  a  cork  float,  using  a  little  mortar  to  fill  the  air-holes,  etc. 
The  mortar  used  was  in  proportions  of  one  of  cement  to  two  of  sand,  and  the  float- 
ing was  done  immediately  after  the  removal  of  the  forms.  Lastly,  the  whole  structure 
was  washed  over  with  grout,  all  the  mortar  and  grout  being  coloured  as  described 
above.  The  efflorescence  was  cleaned  off  with  diluted  hydrochloric  acid,  four 
or  five  parts  of  water  being  used  to  one  of  acid.  This  solution  was  used  with  ordi- 
nary scrubbing  brushes,  and  water  was  played  on  the  work,  while  the  acid  cleaning 
was  being  performed  to  prevent  any  penetration. 
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The  center  was  struck  after  31  days  by  lowering  it  i  inch  at  the  erowii.  bat 
the  arch  followed  the  lagging.  On  the  second  day  the  lowering  was  continued 
for  a  further  ^  of  an  inch  when  the  l^ging  was  free.  The  center  was  lemoTed 
■on  the  third  day.  The  arch  deflected  „  inch  at  the  crown,  but  Bubsequently  regained 
its  original  position. 

The  bridge  was  commenced  at  the  end  of  October,  1900,  and  completed  in 
the  middle  of  April,  1901,  the  total  cost  being  £4,416. 

About  S  cubic  feet  of  concrete  can  be  laid  per  man  per  day  of  10  hours,  wben 
constructing  bridges  on  the  Melan  system. 

Rock  Creek  Bridge^  Washington^ 

Fig.  519  shows  the  Rock  Creek  boulder-faced  bridge  at  Washington,  U.S..A., 
designed  by  Captain  Lansing  H.  Beach,  on  the  Melan  system. 


The  arch  is  segmental,  80  feet  span  and  12  feet  rise,  the  width  of  the  roadway 
being  23  feet.  The  boulder  face  of  each  stone  projects  at  least  2  inches,  and  not 
more  than  15  inches,  beyond  the  neat  lines  of  the  bridge,  the  face  stones  being 
set  in  1  to  2  cement  mortar.  The  backs  of  the  stones  were  plastered  with  at  lea.^ 
i  inch  of  mortar  before  the  concrete  was  rammed  against  them. 

The  arch  stones  were  from  3  to  4  feet  deep,  IJ  to  3  feet  wide,  and  IJ  to  2  feel 
Jong,  excluaire  of  projections.  Each  stone  was  attached  to  the  adjacent  rein- 
forcing  girdfer'  by  a  j  X '  J-inch  steel  clamp,  cemented  for  at  least  2  inches  in  a  hole 
in  the  atone.  The  outside  reinforcing  girders  were  bound  together  before  the 
concrete  was  deposited  around  them  with  J-inch  wire  ropes.  The  concrete  for  the 
arch  was  mixed  in  the  proportion  of  1  to  2  to  4,  and  that  for  the  abutments  and 
spandril  filling  at  1  to  3  to  7.  The  thickness  of  the  arch  at  the  crown  was  18  inches. 
The  reinforcing  girders  were  of  the  open  lattice  type,  being  eight  in  number,  spawd 
2}  feet  apart  centre  to  centre. 

The  total  cost  of  the  bridge  was  £3,595. 


bridge  over  the  Ocher,  at  Brunswick  (Fig.  620) 

This  is  a  very  good  example  of  the  Moller  type  of  bridge  construction.    T^ 

iace  beams  are  straight,  with  a  small  curve  at  the  abutments,  and  are  reinforced. 

>  Deecription  published  in  Engineering  Record. 
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They  cairy  the  parapet  and  part  of  the  footwayB.  The  remaining' beamB  are  of 
the  3I6ller  fiBh-belly  type,  and  are  Bpaced  3-28  feet  centre  to  centre.  Those  «up- 
porting  the  roadway  have  aomewhat  greater  depth  than  those  carrying  the  foot- 
ways. The  span  of  this  bridge  is  75-46  feet,  and  the  total  width  27-88  feet,  of  which- 
the  roadway  is  16-4  feet,  each  footway  5-32  feet.  The  reinforcement  of  the  deck- 
ing consists  of  rolled  joists,  and  the  parabolic  reinforcement  of  the  beams  of  fiat 
iron  bars. 


Footbridge  of  the  Railway  at  Kreinsen  (Fig.  621) 

This  is  another  bridge  on  the  JUoUer  aystem.  It  consists  of  five  spans,  four 
of  which  are  37-4  feet  and  one  40-68  feet.  The  width  of  the  decking  is  4-92  f  jet, 
and  it  is  supported  in  each  span  by  two  fish-bellied  beams,  the  reinforcement  con- 
sisting of  flat  iron  bars  6-91  x  0-65  inches,  with  six  cross-piecea  of  angle  iron.    Angle 
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irons  2-36  x  2-36  x  0-39  inches  are  embedded  transversely  in  the  concrete  of 
the  floor  slab,  and  cany  the  uprights  of  the  railing. 

The  bridge  is  supported  on  five  iron  piers  and  one  of  concrete,  and  is  calculitcd 
tac  a  load  of  80  pounds  per  square  foot. 

Footbridge  over  the  Saarbriicken  Railway  at  Neunkirchen 

This  bridge  (Fig.  622)  was  con8truct«d  by  the  SociMe  dea  ConstTiictums  Mmar 
(Wayss).  It  has  a  span  of  46-93  feet  and  a  rise  of  14*76  feet,  with  a  tbickneasst 
the  crown  of  6*9  inches  and  a  width  of  6'66  feet.  It  was  designed  for  a  load  of 
100  pounds  per  square  foot.  On  one  side  the  decking  is  level  and  supported  irr 
two  flat  arches,  with  a  thin  pier  resting  on  the  abutment  of  the  main  uch.  TIk 


other  side  of  the  bridge  is  formed  with  steps,  to  a  landing  on  the  hollow  abutment 
These  steps  are  continued  to  the  groimd  level  on  an  arched  stairway,  as  shown 
in  the  illustration.    The  whole  bridge  and  stairway  is  of  reinforced  concrete. 

Footbridge  near  Copenhagen^ 

Fig.  523  shows  the  method  of  construction  of  a  footbridge  over  a  railway  m« 
Copenh^en. 

The  span  is  71-7  feet  and  the  rise  8-45  feet ;  the  depth  of  the  mam  arch  is 
9-8  inches  at  the  crown  and  14-2  inches  at  the  springings ;  the  width  betuwn 
parape'.s  being  10*3  feet.  The  reinforcement  consists  of  five  parallel  ribs  of  bent 
rails  weighing  1 8*8  pounds  per  Uneal  foot,  2'5  feet  apart  centres,  and  joined  together 
longitudinally. 

The  footway  la  carried  on  Monier  arches,  2  inches  deep  and  7*35  foot  span,  the 
radius  of  the  intrados  being  11-26  feet.  These  are  supported  on  piers  i  inches 
thick,  extending  over  the  full  width  of  the  bridge,  and  supported  from  the  man 
arch.  The  reinforcement  of  these  arches  is  formed  of  a  network  of  wires,  0-2  iwh 
diameter,  with  a  4r-inch  mesh.     In  each  pier  there  are  two  nettings,  formed  of  <H 

>  Described  in  EnginMring  News,  July  21,  189S. 
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inch  square  vertical  rods  and  0-275  inoh 
horizontal  wires.  These  networks  are  secured 
to  the  iron  rails  at  the  foot  of  the  piers  by 
bending  back  the  vertical  rods  and  tying  them 
to  the  rails  by  a  lapping  of  annealed  wire.  At 
tiie  top  the  vertical  rods  are  again  bent  back, 
and  the  longitudinal  arch  rods  are  carried 
forward  and  bent  up,  the  two  sets  being  tied 
together  by  a  wire  wrapping.  The  concrete 
has  the  proportions  of  I  of  Portland  cement 
to  3  parts  of  gravel  for  the  uohes  and  piers, 
and  1  of  cement  to  4  of  suid  and  7  of  shingle 
for  the  filling  over  the  Monier  arches  and  in 
the  abutments. 

This  bridge  was  built  in  the  spring   of 
1879.  and  cost  about  £400.  eEonoN 

Fio.  S23 

Over  Brit^e  for  a  Parish  Road 

This  bridge,  a  view  of  which  ie  shown  (Fig.  624),  has  an  extremely  light  and 
pleasing  appearance.  It  was  constructed  by  M.  Piketty,  under  the  direction  of 
M.  Harel  de  la  Noe.  It  has  three  bays  of  1 4-76  feet,  each  of  the  piers  being  formed 
of  two  columns,  13-78  inches  square,  connected  at  the  top  by  beans  3-S4  incbee 
deep  below  the  floor  slab.  The  side  spans  have  a  slight  inclination  upwards  towards 
the  centre  span. 

The  main  decking,  which  is  10-24  inches  thick  at  the  sides  and  11*8  inches 
at  the  centre,  and  has  a  width  of  7-87  feet,  is  supported  by  cross-beams  over 
the  columns  and  by  two  longitudinal  beams,  one  on  each  side.  The  underside  of 
the  longitudinal  beams  is  level  with  the  bottom  of  the  decking,  and  their  total 
depth  is  17-32  inches. 


FiQ.  ()2l 
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From  the  top  of  these  beams,  slabs  3*15  inches  thick  project  for  a  distance 
of  3*5  feet,  being  carried  at  their  extremities  by  longitudinal  beams  6*3  inches 
deep  from  the  underside  of  the  slabs  and  3-94  inches  wide,  having  a  projection 
corbelled  out  from  them  for  a  distance  of  6*69  inches,  and  having  a  moulded  face. 
These  beams  rest  on  cantilevers,  projecting  from  the  columns. 

The  footways  are  2-62  feet  wide,  and  the  remainder  of  the  total  projection 
of  3*5  feet  is  taken  up  by  the  parapet.  The  whole  bridge  is  of  reinforced  concrete, 
the  bottom  reinforcement  of  the  floor  slab,  longitudinal  main  beams,  and  beams 
over  the  piers,  consisting  of  steel  rails,  there  being  five  longitudinal  rails  in  the 
floor  slab  and  two  in  each  of  the  beams.  The  upper  reinforcement  of  the  beams 
and  slabs  is  formed  of  iron  rods,  the  top  reinforcement  of  the  cross-beams  beiig 
near  the  upper  surface  of  the  decking,  part  of  which  in  reality  forms  the  beam. 

The  small  longitudinal  beams  carrying  the  footway  and  parapet  are  reinforced 
with  four  iron  rods,  two  at  the  top  and  two  at  the  bottom.  All  the  reinforcements 
are  connected  vertically  by  transverse  wires.  The  columns  are  reinforced  by 
four  iron  rods  with  wire  cross-ties. 

The  abutments  are  formed  of  reinforced  sills,  13*78  inches  wide  and  21*65 
inches  deep,  carried  on  each  side  by  piers  4*92  feet  long,  and  23«6  inches  wide, 
which  are  carried  up  to  form  the  pilaster  finish  at  the  end  of  the  bridge. 


;e  at  Bangor,  Maine,  U.S.A.^ 

This  bridge,  constructed  on  the  Ransome  systeniy  has  two  arches,  one  of  46 
feet  8  inches  span  and  8  feet  7  inches  rise,  the  thickness  at  the  crown  and  spring- 
ings  being  11  and  30  inches  respectively.  The  other  arch  has  a  span  of  38  feet  2 
inches  and  a  rise  of  7  feet  6  inches,  with  a  thickness  at  the  crown  of  10  inches. 

The  reinforcement  consists  of  pairs  of  cold  twisted  steel  bars,  three-quarters 
of  an  inch  square,  placed  2  inches  from  the  intrados  and  extrados  and  spaced 
14  inches  centre  to  centre  transversely.  Where  the  bars  require  lengthening, 
they  are  joined  together  by  a  union,  which  screws  on  to  the  twists  of  the  bare. 
The  upper  bars  were  held  in  position  by  vertical  transverse  boards,  each  board 
being  removed  as  the  concreting  reached  it. 

The  concrete  of  the  arch  was  in  the  proportion  of  1  of  Portland  cement  to  2 
of  sand  and  4  of  gravel,  of  all  sizes  from  2^  inches  to  the  size  of  a  pea. 

The  concreting  was  done  in  longitudinal  strips,  commencing  at  the  spring- 
ings  and  closing  at  the  crown. 

Short  half-inch  twisted  steel  bars  were  left  projecting  out  from  each  day's 
work  to  tie  the  arch  together  transversely.  The  footways  were  carried  on  longi- 
tudinal walls  6  inches  thick  under  the  curbs,  and  similar  walls  8  inches  thick  at 
the  face  of  the  arches.  The  walls  are  of  concrete  in  the  proportions  of  1  to  3  to 
6,  reinforced  with  twisted  steel  bars,  and  have  buttresses  8  feet  apart.  To  tie 
these  walls  to  the  arch  ring,  half -inch  twisted  steel  bars  were  left  projecting  radiaUy 
from  the  arch  concrete.  The  soffit,  face  of  the  arch,  coping  and  footways  have  a 
granolithic  finish,  the  spandril  walls  being  dressed  with  a  picked  face. 

The  road  was  only  closed  for  traffic  for  sixteen  days,  and  there  was  no  vibrsr 
tion  in  the  bubble  of  a  level  placed  on  the  bridge,  and  no  measurable  deflerioo 
when  the  bridge  was  tested  with  a  rolling  load  of  fifty  tons,  which  was  taken  aciofis 
the  bridge  at  a  trot. 

^  Description  in  Engineering  NewSf  March  20,  1902. 
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SOME  STRUCTURES  ERECTED  IN  REINFORCED  CONCRETE 

Bridge  over  the  River  Caudal,  at  Micres  (Spain) 

This  bridge  (Fig.  526)  is  situated  in  the  centre  of  a  town  rich  in  monuments 
and  decorations,  which  necessitated  an  ornamental  structure.  It  was  constructed 
on  the  Bibera  system,  and  combines  in  a  most  striking  manner  a  beauty  and  light- 
ness of  design  which  is  probably  unequalled  in  any  bridge  constructed  up  to  the 
present  time  of  reinforced  concrete. 

The  total  length  is  361  feet,  made  up  of  two  three-hinged  arch  spans  of  114'8 
feet  span  and  11'48  feet  rise,  and  three  spans  of  34*45  feet.  The  width  of  the 
bridge  is  22*96  feet,  made  up  of  a  roadway  16*40  feet  wide  and  two  cantilevered 
footpaths  3-28  feet  wide.  The  deckings  of  the  arched  spans  are  supported  on  longi- 
tudinal and  transverse  beams,  those  running  longitudinally  being  5*9  inches  wide, 
with  a  depth  of  7*9  inches  below  the  floor  slab,  and  are  spaced  4*92  feet  centre  to 
centre,  while  those  running  transversely  are  7*1  inches  wide  and  9*8  inches  deep, 
and  are  spaced  5*45  feet  centre  to  centre.  The  beams  are  supported  where  they 
cross  on  7*1  x  5*9-inch  columns,  which  rest  on  the  arch,  having  a  thickness  of  17 
inches  at  the  crown,  27*5  inches  at  the  haunches,  and  23*6  inches  at  the  spring- 
ings.  ^ 

The  reinforcement  of  the  arches  consists  of  four  longitudinal  arched  lattice 
girders,  formed  of  top  and  bottom  chords,  made  up  of  two  3*94  x  3*94  x  0*39- 
inch  angles,  back  to  back,  and  connected  by  3*15  x  3*15  x  0*315-inch  radial 
angles  and  3*15  x  0*3 15-inch  cross-bracing. 

The  girders  have  a  depth  of  15*75  inches  at  the  crown,  23*6  inches  at  the  centre 
between  hinges,  and  19*7  inches  at  the  springing,  and  are  connected,  transversely, 
5*45  feet  apart,  with  horizontal  ties  at  the  top  and  bottom,  and  a  cross-bracing, 
all  of  2*56  X  2*56  x  0*275  inch  angles. 

The  arrangement  of  the  hinges  is  clearly  shown  in  the  figure.  The  column 
reinforcements  consist  of  four  rods,  one  at  each  comer.  The  longitudmal  beams 
are  reinforced  with  a  l*42-inch  diameter  rod  at  the  bottom,  and  a  0*98-inch  diameter 
rod  at  the  top,  and  the  transverse  beams  with  a  !•  10-inch  rod  at  the  bottom  and 
a  0*98-inch  rod  at  the  top,  the  longitudinal  reinforcements  being  tied  together 
by  transverse  wires. 

The  decking  throughout  the  whole  length  of  the  bridge  is  6*7  inches  thick, 
and  is  reinforced  along  the  bottom  with  longitudinal  and  transverse  rods  0*35 
inches  diameter,  spaced  4*92  inches  centre  to  centre  both  ways. 

The  side  spans  consist  of  four  longitudinal  beams  9*84  inches  wide,  27*56  inches 
deep  below  the  decking,  and  spaced  4*92  feet  centre  to  centre.  These  are 
connected  by  transverse  beams  identical  with  those  in  the  arched  portion. 

The  reinforcement  of  the  outer  longitudinal  beams  consists  of  three  rods  of 
1*57  inches  diameter  and  one  top  rod  of  0*98  inch  diameter,  connected  by  a  trans- 
verse reinforcement  of  0*35-inch  rod,  which  size  is  used  throughout  for  the  trans- 
verse reinforcement  of  the  beams.  The  two  interior  longitudinal  beams  had 
four  1  •69-inch  rods  at  the  bottom,  and  two  0*98-inch  rods  at  the  top  connected 
by  transverse  reinforcements. 

The  projecting  footpaths  are  4*72  inches  thick  where  they  leave  the  main 
decking,  and  3*15  inches  thick  at  the  extremity,  and  are  reinforced  with  0*35- 
inch  diameter  rods,  6*6  inches  apart  near  their  upper  surface.  The  bridge  was 
calculated  for  a  uniformly  distributed  load  of  82  pounds  per  square  foot  and  a  rolling 
load  of  two-wheeled  carts  weighing  8  tons. 
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The  cost  of  the  whole  structure  was  £6,067  ;  while  the  estimated  cost  of  a 
steel  bridge  was  over  £8,000,  or  43  per  cent.  more. 

The  Bridge  over  the  Jacaguas  River ,  Porto  Rico^ 

This  bridge,  constructed  on  the  Thacher  system,  is  shown  in  Fig.  526.  The 
centre  opening  has  a  span  of  120  feet,  with  a  rise  of  12  feet.  The  two  end  spans 
are  100  feet,  with  a  rise  of  11*28  feet.  The  width  between  parapets  is  18  feet. 
The  reinforcement  consisted  of  Thacher  bars,  with  projections  like  rivet  heads, 
to  prevent  sliding. 

In  each  arch  there  were  seven  ribs,  each  consisting  of  two  4  x  |-inch  ban, 
placed  near  the  extrados  and  intrados,  connected  transversely  by  4  inch  x  f-inch 
plates.  The  concrete  for  the  arches  was  mixed  in  the  proportions  of  1  of  Portland 
cenient  to  2  of  sand  and  4  of  shingle,  to  pass  a  1^-inch  ring  ;  and  that  for  the  abut- 
ment, piers  and  spandrils  was  1  to  3  to  6  of  shingle,  to  pass  a  2-inch  ring. 

The  bridge  was  faced  throughout  with  mortar  made  of  screenings  from  a 
stone  crusher.  It  was  found  that  when  the  screenings  were  freed  from  dust  the 
mortar  was  12  per  cent,  stronger  than  that  made  from  clean,  sharp  standard  sand, 
and  when  they  contained  from  22  to  30  per  cent,  of  fine  dust  the  strength  of  the 
mortar  was  nearly  the  same  as  when  standard  sand  was  used.  The  arch  concrete 
was  laid  in  three  longitudinal  sections,  that  at  the  centre  being  9,  and  those  at  the 
side  5i  feet  wide.  The  bridge  was  commenced  in  February,  1900,  and  finished  in 
March,   1901. 

The  centers  for  the  centre  span  were  lowered  forty  days  after  completioa, 
and  there  was  a  deflexion  of  |  inch,  increasing  to  {  inch  after  one  month.  The 
eenters  for  the  east  span  were  lowered  thirty  days  after  completion,  the  deflexion 
being  |  inch,  increasing  to  IJ  inches  in  two  months.  The  spans  were  tested  wiUi  a 
load  of  from  21 -5  to  23*5  tons,  concentrated  at  the  centre,  the  greatest  deflexioa 
of  the  centre  span  under  this  load  being  0*015  inches. 

Bridge  between  Mainland  and  Green  Island,  Niagara  Falls' 

Fig.  527  shows  the  bridge  constructed  of  reinforced  concrete  between  the 
mainland  and  Green  Island,  Niagara  Falls.  The  side  spans  are  three  centre  arches, 
103^  feet  span  and  10  feet  rise,  with  an  arch  thickness  of  38  inches  at  the  oentiB, 
increasing  to  70  inches  at  the  springings.  The  centre  span  is  also  a  three-centre 
arch  having  a  span  of  110  feet,  and  a  rise  of  11  feet,  the  thickness  of  the  arch  being 
40  inches  at  the  centre,  increasing  to  76  inches  at  the  springings.  The  width  of 
the  bridge  between  parapets  is  40  feet. 

The  reinforcement  consists  of  two  sets  of  thirteen  6  inch  x  J-inch  steel  bare, 
3  feet  apart,  the  outside  ones  being  2  feet  from  the  faces  of  the  arch.  One 
set  of  bars  is  placed  3  inches  below  the  extrados,  commencing  about  8  feet 
from  the  face  of  the  abutments,  and  following  the  curve  of  the  extrados,  the  bare 
from  the  neighbouring  spans  almost  meeting  over  the  piers.  The  other  set  is 
placed  3  inches  above  the  intrados,  and  follows  the  curve  of  the  arch  almost 
to  the  springing,  from  which  point  they  are  continued  tangential  to  their  former 
curvature.  The  bridge  is  faced  with  limestone,  the  arch  stones  being  tooled,  and 
the  spandrils  random  rock  faced. 

*  Described  in  Engineering  News,  August  1,  1901. 

•  Described  in  Engineering  News,  December  6,  1900. 
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The  concrete  for  the  arches  was  in  the  proportions  of  1  to  2  to  4  of  broken 
stone  and  ahmgle,  passing  a  l^inch  ring,  and  including  all  crushed  stone  above 
^inch.  That  for  the  abutments,  piers  and  spandrils  was  I  to  3  to  6  of  broken 
stone  and  shingle,  passing  a  2-inch  ring  and  retained  on  a  ^inch,  with  plums 
in  the  piers  and  abutments  not  less  than  1}  cubic  feet.  The  concrete  for  the 
«rches  was  commenced  at  the  springings,  and  laid  in  longitudinal  sections 
wide  enough  to  enclose  at  least  two  of  the  steel  bars. 

The  cost  of  the  bridge  was  about  £21,250. 
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V.  WEIRS  AND  DAMS 
The  Schuylerrille  Dam 

This  dam  has  a  length  of  250  feet,  an  average  height  of  26  feet,  and  maximniD 
height  of  28  feet.  It  was  calculated  for  an  assumed  flood  of  5  feet  over  the  crest. 
It  was  begun  on  September  27,  and  completed  on  December  31,  1904.  Mr.  George 
F,  Hardy,  of  New  York,  acted  as  consulting  engineer  for  the  work. 

The  engineers  and  contractore  for  the  steel  and  falsework  were  the  Ambursen 
Hydraulic  Construction  Company  of  176,  Federal  Street,  Boston,  Mass.,  the  con- 
tractors being  Tucker  and  Vinton,  156,  Fifth  Avenue,  New  York.     Fig.  535  show* 


the  cross  and  longitudinal  sections  adopted,  the  dam  being  constructed  of  up  and 
down  stream  faces  formed  of  slabs  connected  at  intervals  of  8  feet  1  inch  by  tram- 
verse  ribs  stiffened  with  longitudinal  beams.  The  dimensions  and  details  of  rein- 
forcement are  clearly  shown  on  the  sections. 

A  passage  way  passes  through  the  dam  near  the  top,  of  which  a  view  is  shown 
in  Fig.  536. 

The  water  on  the  down-stream  side  has  a  free  passage  into  the  interior  of  the  dam 
through  drains  shown  in  Fig.  635,  openings  being  left  in  the  transverse  ribs  to  allow 
a  free  passage  through  the  dam  ;  vent  holes  are  also  left  near  the  top  of  the  down- 
stream slab  to  allow  the  air  to  pass  in  and  out  as  the  water  inside  falls  or  risee,  and 
to  break  the  partial  vacuum  behind  the  water  falling  over  the  crest. 

All  the  concrete  was  mixed  very  wet  by  a  Ransome  mixer,  in  the  proportions 
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of  1  to  2  to  4,  for  the  face  slabs,  crest  and  toe  and  longitudinal  stiffening  beams, 
and  1  to  3  to  6  for  the  abutments  and  transverse  ribs.  The  bars  used  for  the  rein- 
forcementa  were  of  the  Johnson  corrugated  type,  and  Clinton  welded  fabric  was 
placed  below  the  bars  on  the  up  and  down  stream  slabs  and  through  the  crest. 


Fro.  537  , 

Fig.  537  is  a  view  of  the  dam  after  completion  with  a  flood  of  4J  fee(  on 
the  crest. 

The  dam  was  constructed  to  obtain  water  power  for  a  mill  erected  on  the 
Bide  of  the  stream.  One  end  wall  of  the  power  house  is  on  the  shore  line  and  is 
continuous  at  the  up-stream  corner  with  the  abutment  of  the  dam.: 


The  Wilton  Dam 

This  dam  was  constructed  by  the  Ambtirsen  Hydraulic  Construction  Com- 
pany in  connexion  with  the  water  supply  for  the  town  of  Wilton,  New  Hampshire. 

The  length  of  the  dam  was  105  feet,  and  the  maximum  height  17  feet. 

This  dam  was  formed  with  an  up-stream  inclined  slab  supported  on  trans- 
verse ribs  and  had  no  down-stream  face  slab. 

Fig.  538  illustrates  the  method  adopted  for  the  outlet  arrangements. 

The  outlet  pipe  is  built  into  one  of  the  bays  of  the  dam  as  shown,  screens  being 
inserted  in  the  inclined  face  slab  and  a  forebay  formed  by  a  reinforced  division  wall 
constructed  longitudinally  across  the  bay. 

A  vertical  wall  was  built  across  the  down-stream  face  of  the  bay  with  a  door 
for  access  to  the  interior,  the  space  between  this  and  the  division  wall  forming 
a  valve  chamber  for  controlling  the  outlet. 

The  opening  in  the  up-stream  inclined  slab  is  covered  with  screens  and  stop 
planks,  which  are  interehangeable,  allowing  the  water  to  be  taken  from  different 
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levels  as  desired.  Fig.  530  shows  tbe  form  of  scour  valve  used  on  this  dam.  The 
valve  is  opened  and  closed  from  a  platform  in  the  interior  of  the  dam,  and  in  thig 
case  being  small  could  be  controlled  by  a  hand  wheel ;  if,  however,  the  valve  were 


large  it  could  be  worked  by  gearing  supported  on  reinforced  concrete  beams.  It 
is  stated  that  £500  was  saved  by  the  conatruction  of  the  dam  in  reinforced  concrete 
as  against  the  ordinary  solid  masoniy  type. 


Various  Types  of  Dams 

The  Ambersen  Hydraulic  Construction  Company  have  designed  various  types 
of  dams  to  suit  conditions,  some  of  which  may  be  of  interest.  Fig.  540  showB  a 
form  designed  to  throw  the  water  some  distance  down  stream  from  the  toe  of  the 
dam  ;  it  also  economizes  tbe  construction  and  saves  expense  in  closing.  The  water 
from  the  down-stream  side  has  free  access  to  the  interior,  and  the  opening  at  the 
bottom  of  the  down-stream  slab  admits  light  to  the  inside  for  inspection. 

The  dam  shown  in  Fig.  641  was  designed  for  a  5-foot  head  over  the  crest  on 
n  New  Jersey  stream  where  the  foundation  is  mud  without  any  rock  or  gravel 
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The  sheet  piling  at  the  toes  insures  tightness  and  prevents  lateral  spreading. 

The  door  slab  is  reinforced  in  both  directions  near  both  surfaces  and  forms  t 
raft  support  to  the  dam. 

The  up-stream  Blab  is  supported  by  transverse  ribs,  and  the  overflow  falls 
on  to  the  concrete  floor,  thus  preventing  scour. 

Fig.  542  shows  a  form  of  overflow  adopted  where  the  flow  of  the  stream  vru 
small  and  the  overflow  in  flood  could  be  confined  to  three  bays  of  10  feet  each.  A 
grating  is  fixed  in  the  crest  and  a  baffling  slab  is  constructed  between  the  trans- 
verse ribs,  which  deflects  the  water  into  a  cushion  pool  formed  on  the  floor  of  the 
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dam  as  shown  in  the  sketch.  The  final  overflow  is  in  this  manner  carried  out 
horizontally  and  any  possibility  of  scour  to  the  river  bed  avoided.  It  will  be  sren 
that  if  a  flood  was  ever  sufficient  to  cause  some  of  the  water  to  overleap  the  gratings, 
the  flow  over  the  crest  would  be  received  on  a  suflUcient  water  cushion,  from  the 
flow  through  the  gratings,  to  prevent  any  icour  taking  place.  Fig.  543  shows  the 
arrangement  for  an  outlet  valve  adapted  for  a  solid  concrete  dam, and  Fig-644shoin 
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the  same  form  of  outlet.  When  constructed  for  a  reinforced  concrete  dam  it  wiU 
be  noticed  that  the  valve  in  the  latter  case  can  be  worked  from  the  inside  of  the 
dam,  and  the  discharge  pipe  is  made  of  reinforced  concrete. 

Fig.  545  shows  a  method  proposed  for  a  power  station  and  dam  combined  in 
a  situation  where  it  was  cheaper  to  excavate  a  tail  race  with  dykes  than  to  carry 
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down  penstocks.  The  illustration  ia  only  a  sketch  of  the  general  arrangement, 
but  shows  the  compactness  and  mechanical  efBciencj  of  the  arrangement. 

The  head  gates  can  be  operated  from  the  deck  over  the  Turbine  Hoiise,  and 
would  be  only  seldom  used,  since  the  turbines  would  be  controlled  by  their  own 
ports. 

In  situations  where  the  crest  of  the  dam  must  be  continued  as  an  overflow 
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for  the  whole  length  it  would  be  quite  possible  to  construct  the  roof  of  the  power 
honse  in  such  a  manner  that  in  times  of  flood  the  excess  of  water  could  pass  over 
the  top. 

The  above  descriptions  will  show  the  remarkable  adaptability  of  reinforced 
concrete  for  the  construction  of  dams  and  the  economy  which  may  be  obtained 
by  its  employment  for  such  structures.  There  appears  no  reason  why  similar 
methods  of  construction  could  not  be  used  for  dams  of  much  greater  height  than 
any  of  those  described. 


VI.     MISCELLANEOUS 

Reinforced  Concrete  Coffins 

Amongst  the  many  purposes  for  which  reinforced  concrete  has  been  employed, 
perhaps  the  construction  of  coffins  of  this  material  shows  more  than  anything 
else  its  universal  usefulness.  M.  Sarda,  of  Pepignan,  France,  constructs  reinforced 
concrete  coffins  in  various  sizes  to  suit  all  requirements. 


Reinforced  Concrete  Footway 

The  reinforced  concrete  footway,  constructed  by  the  Metalloid  Sidewalk  Co., 
St.  Louis,  U.S.A.,'  is  shown  in  Fig.  546.  The  slabs  are  constructed  in  sheds,  where 
the  work  is  carefully  supervised. 

The  reinforcement  consists  of  2  J-inch  mesh  "expanded  metal"  near  the  bottom 
>  Description  in  Engineering  News,  November  1,  1900. 
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surface,  which  prevents  cracking  or  breaking,  and  permits  poorer  concrete  and 
bigger  slabs  to  be  used  than  in  the  case  of  ordinary  pavement  construction.  The 
concrete  is  mixed  in  the  proportions  of  1  of  Portland  cement  to  5  of  limestone 
ohippings  containing  sufficient  fine  material  to  replace  the  sand. 

The  slabs  span  the  whole  width  of  the  footpath,  and  have  a  rib  at  each  side, 
resting  on  beds  of  cinders  or  gravel,  laid  in  trenches,  and  leaving  a  2-inch  air-spaoe 
under  the  pavement.    The  thickness  of  the  slab  proper  is  2  inches,  and  that  of  the 
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ribs  4  inches,  and  the  top  is  finished  with  a  ^inch  layer  of  Portland  cement  and 
crushed  granite  gauged  1  to  1. 

Another  form  is  made  of  concrete  mixed  in  the  proportions  of  1  of  Portland 
cement  to  6  of  cinders,  with  a  J-inch  top  finish  of  1  of  Portland  cement  to  2  of  sifted 
granite  or  other  hard  stone. 

One  great  advantage  of  this  method  of  paveinent  construction  is  that  of 
the  ready  removal  of  the  slabs  to  allow  of  excavations  being  made  under  the 
footpath,  while  there  is  also  a  saving  in  consequence  of  the  elimination  of  under 
dressing.  These  pavements  are  said  to  be  33  per  cent,  cheaper  than  those  of  the 
ordinary  form  of  construction  with  a  cinder  or  gravel  foundation  4  to  8  inches 
thick,  3  to  4  inches  of  concrete,  and  half  an  inch  top  finish.  The  paving  can  be  sold 
at  6d.  per  square  foot,  and  give  a  profit  of  30  per  cent. 

Vault-Light  Slabs 

Figs.  547  and  548  show  a  method  adopted  by  Aberthaw  Construction  Company, 
8,  Beacon  Street,  Boston,  U.S.A.,  for  constructing  vault  lights.^ 

The  slab  is  supported  (as  shown  in  Fig.  547)  on  rolled  joists,  the  main  joists 
being  5  feet  centre  to  centre  and  the  secondary  joists  4  feet  2  inches,  an  expansion 
joint  being  left  between  the  slabs  over  the  main  joists.  Fig.  548  shows  an  enlaiged 
detail  of  the  slab,  which  is  formed  of  tapered  glass  lenses,  2f  inches  diameter  at  the 
top  and  3 1  inches  centre  to  centre,  let  into  a  slab  of  reinforced  concrete.  This  slab 
is  reinforced  by  Jto  f  ^  inch  Ransome  twisted  steel  bars,  placed  just  above  the  bottom 
surface  of  the  ribs  between  the  glass  lenses.  The  lenses  are  held  by  three  circular 
indents  in  the  concrete,  and  their  thickness  is  the  same  as  that  of  the  slab  at  the 
edge,  but  they  are  formed  with  a  cup-shaped  hollow  on  their  undersides.    To 

*  Description  in  Engineering  News,  September  12,  190L 
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form  the  slab,  the  lenses  are  first  placed  in  position  and  the  concrete  is  moulded 
around  them. 

One  of  these  slabs,  with  J-inch  reinforcing  bars,  was  tested  with  a  load  of  1 1,882 
pounds,  distributed  over  a  8^inch  circular  disc,  or  an  area  of  1*394  square  feet, 
at  the  centre  of  the  slab,  the  load  being  applied  914  pounds  at  a  time. 

With  a  load  of  5,484  pounds  there  was  a  deflexion  of  -^  inch,  and  the  concrete 
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began  to  crack  ;  the  cracking  continued  until  the  load  amounted  to  9,140  pounds, 
when  the  deflexion  measured  %  \  inch,  and  the  lenses  began  to  crack.  The  breakage 
continued  until  the  load  of  11,882  pounds  was  reached,  when  a  general  crushing 
of  the  concrete  and  glass  took  place,  and  the  deflexion  amounted  to  1^  inches. 
After  the  load  was  removed  the  permanent  deflexion  measured  \\  inches.  With 
the  load  of  11,882  pounds  the  rods  remained  intact,  and  the  slab  continued  to 
support  the  load. 


Bank  Protections  for  the  Ghent  to  Temeuzen  Canal,  Belgium 

Fig.  549  shows  cross  and  longitudinal  sections  of  the  sheet  piling  and  pitching 
for  the  protection  of  the  banks  of  this  canal.  The  piling  is  constructed  on  the 
Hennebique  system^  the  details  of  which  are  given  in  Figs.  550  and  551. 

The  protection  of  the  lower  portion  of  the  banks,  which  is  almost  vertical, 
is  formed  by  a  continuous  series  of  reinforced  sheet  piles  (Fig.  560).  These  are 
held  back  at  their  heads  by  bars,  anchored  to  piles,  driven  24-6  feet  behind  them. 
The  capping  of  the  sheet  piling  and  the  walings  for  the  anchor  piles  were  also  con- 
structed of  reinforced  concrete.  The  anchor  piles  with  their  walings  are  shown 
in  Fig.  551.  Above  the  sheet  piling,  the  bank  sloped  back,  and  is  pitched  with 
stone,  the  pitching  being  held  up  by  the  top  of  the  sheet  piling. 

This  method  of  bank  protection  is  exactly  similar  to  the  usual  method  employed 
in  timber  sheet  piling,  but  the  reinforced  concrete  is  practically  everlasting,  whereas 
timber  piles  decay  in  time. 

The  cost  of  this  work  was  greater  than  if  timber  had  been  employed,  being 
about  £6  11«.  6d.  per  Uneal  yard, 
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Slope  Protection  on  the  Bank  of  the  Wentowkanal  at  Mariecthal 

This  slope  protection  (Fig.  552)  was  constructed  by  C.  Rabitz,  of  Berlin. 

The  reinforced  covering  is  held  down  by  anchor  irons  driven  into  the  ground, 
and  having  screwed  points.  The  width  measured  on  the  slope  is  11 -77  feet,  and 
the  inclination  is  1  to  1.  The  concrete  slab  is  7-87  inches  thick,  and  is  reinforced 
by  frames  of  flat  bara,  1-97  x  0-24  inches,  placed  upright  except  where  they  cross 
and  are  connected.  The  spacing  of  the  flat  bars  of  the  framing  is  11-48  by  IfrSS 
feet.  The  anchor  irons  are  chpped  round  these  bars,  and  are  spaced  as  shown  in 
Fig.  551.  A  diagonal  network  of  round  rods  0-24  inch  diameter  was  placed  oo 
the  framing,  and  tied  to  it  at  the  intersections  (as  shown,  Fig.  553),  the  meeb  of 
the  network  being  6-35  inches. 

A  finish  to  the  protection  is  made  by  carrying  it  back  into  the  bank  for  a  dis- 
tance of  1-97  feet  at  the  top,  and  forming  a  small  projection  along  the  face.  Tioi 
protection  is  somewhat  thick,  and  the  reinforcement  is  heavier  than  that  generally 
adopted  for  similar  works.  It  is  constructed  for  a  length  of  148  yards,  and  is 
continuous  for  the  whole  distance,  having  no  expansion  joints. 

The  concrete  has  been  found  to  crack  under  variations  of  temperature,  point- 
ing to  the  advisabiUty  of  having  these  joints.  In  a  bank  protection  on  the  MoStf 
system  at  Kiel,  expansion  joints  were  left  every  65}  feet,  a  strip  of  bitiuninoos 
sheeting  being  placed  below  and  another  in  the  joint  itself.  This  protection  w* 
only  2-36  inches  thick. 

A  Moller  slope  hning,  which  is  somewhat  similar  to  that  described  above,  costB 
from  about  la.  lid.  to  about  3a,  Id.  per  square  yard. 
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Railway  Sleepers  (Sarda  System) 

The  sleepere  conBtnicted  by  M,  Sarda  of  Pepignan,  France,  are  reinforced  with 
"  expanded  metal,"  placed  vertically,  and  tied  together  transversely,  as  shown. 

The  illustrations  show  the  various  methods  of  attachment  for  Hanged  and  double 
headed  rails.  It  will  be  seen  that  the  bolts  can  be  removed  with  the  greatest 
ease  when  required. 

The  sleepers  have  a  width  of  9-45  inches  at  the  bottom,  and  8-66  inches  at 
the  top,  and  are  5-9  inches  deep  under  the  rails,  reducing  to  3-94  inches  at  the 
centre  and  ends. 

Figs.  555  and  656  show  the  method  employed  when  flanged  raib  are  used, 
Fig.  555  being  the  general  view  and  Fig.  556  the  details.  Fig.  667  is  a  plan  and 
elevation  showing  one  form  of  chair  with  two  bolt  fastenings,  details  of  which  are 
shown  in  Figs.  558  and  659.  Figs.  560  are  an  elevation,  plfui,  and  sectional  plan, 
(showing  the  reinforcement  of  a  sleeper  with  chairs,  having  three  coach  screw  attach- 
ments. The  details  of  this  arrangement  are  shown  in  Figs.  561. 
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The  sleepers  were  first  employed  in  May,  1900,  at  Bordeaoz,  on  the  French 
State  Eailways,  after  which  they  were  adopted  by  the  Tramway  Company  at 
Perpigoan,  and  then  by  the  Northern  Railway  Company  of  Spain. 

In  April,  1903,  200  of  these  sleepers  were  put  down  for  the  express  line  of  the 
French  State  Railways,  near  Bordeaux,  and  they  are  also  in  use  on  several  otbei 
Railways  in  France  and  the  French  colonies. 


The  life  of  timber  sleepers  is  from  four  to  five  years,  for  those  of  iron  about 
ten  years,  whereas  it  is  probable  that  reinforced  concrete  sleepers  would  last  for 
flfty  years  or  more. 

.  The  price  of  the  Sarda  sleepers  varies  from  about  8«.  Qd.  to  d«.  3d.  per  sleeper 
having  a  length  of  about  7  feet  4  inches. 


Mr.  Kimball's  Concrete  Railway  Ties 

Mr.  Kimball,  Chief  Engineer  of  the  Chicago  and  Alton  Railway,  U.S.A..  mskes 
his  sleepers  in  two  blocks,  each  3  feet  long,  9  inches  wide  and  7  inches  deep,  moulded 
at  the  ends  of  a  pair  of  3-inch  channel  bars  weighing  3  pounds  per  foot  run  placed 
back  to  back  2  inches  apart. 

The  blocks  are  pUced  symmetrically  under  each  rail,  a  hard  wood  slab  IS 
inches  long,  9  inches  wide  and  3  inches  thick  being  placed  between  the  rail  and 
block. 

Cast-iron  sockets  moulded  into  the  concrete  receive  the  heads  of  holding-down 
bolts  for  the  timbers  to  which  the  rails  are  spiked  and  also  to  space  and  connect 
the  channel  irons. 

The  first  of  these  ties  were  used  on  the  Chicago  and  Alton  Railway  in  1902, 
and  small  lots  have  been  laid  from  time  to  time  since  that  date.  About  the  same 
time  1700  of  these  sleepers  were  put  in  on  the  P^re  Marquett«  Railroad  in  Bay 
City,  Michigan,  and  have  given  every  satisfaction. 

The  concrete  if  of  stone  is  mixed  in  the  proportions  of  6  of  cement,  3  of  sand 
-or  fine  gravel  and  11  of  stone  broken  to  pass  a  l^-inch  screen. 

Gravel  concrete  is  mixed  in  the  proportions  of  6  to  14.  The  cost  of  these 
.sleepers  is  about  4s.  9d.  each,  and  their  weight  is  436  pounds. 
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Troughlng  for  Electric  Cables 

The  Sted  Core  Concrete  Company,  of  22,  Laurence  Pountney  Lane,  E.G.,  con- 
■struct  a  troughing  of  concrete  reinforced  with  ^'expanded  metal "  for  use  with 
the  solid  system  of  electric  cable  laying,  the  troughing  being  straight,  curved,  or 
in  the  form  of  T-pieces.  The  troughs  are  formed  of  cement-mortar  or  concrete 
moulded  on  a  core  of  ''  expanded  metal "  lathing,  with  light  steel  rods  attached 
along  the  top  edges,  and  pieces  of  sheet  metal  fixed  at  the  ends  to  form  the  metallic 
facing  of  the  socket  and  spigot  ends  of  the  lengths  of  trough.  The  walls  of  the 
troughing  are  from  five-eighths  to  three-quarters  of  an  inch  thick,  the  sockets  and 
spigots  being  moulded  in  the  thickness  of  the  walls,  so  that  when  laid  the  trough- 
ing is  of  even  width  from  end  to  end. 

With  this  arrangement  the  steel  core  is  entirely  within  the  concrete,  while 
there  is  a  metallic  contact  throughout,  the  metallic  conductor  being  enclosed  and 
insulated  by  its  covering  of  cement-mortar  or  concrete. 

The  troughs  are  filled  in  bitumen  or  pitch  surrounding  the  cables,  and  are 
-covered  either  with  a  covering,  the  steel  core  of  which  is  in  contact  with  strips  of 
metal  extending  outside  the  concrete  and  bent  downwards  so  as  to  clip  the  metal 
-endpieces  of  the  sockets  of  the  troughing  ;  or  loose  sheets  of  *'  expanded  metal  " 
lathing  are  laid  on  the  bitumen  or  pitch  filling  before  the  tile,  brick  or  concrete 
slab  covers  are  put  in  place.  These  are  placed  with  their  ends  touching,  and  are 
<;onnected  to  the  metallic  end  pieces  of  the  troughing  by  a  thin  ribbon  of  steel  or 
lead  inserted  between  the  metal  faces  of  the  spigot  and  socket,  the  ribbon  being 
bent  over  or  hooked  into  the  covering  sheet  of  *'  expanded  metal." 

The  troughs  are  very  strong,  extremely  light,  and  the  "  earth  sheath  "  forms 
a  most  perfect  protection  against  electrolytic  currents  or  breakdowns.  For  high- 
tension  work  the  socket  and  spigot  ends  of  successive  lengths  of  troughing  can  be 
rigidly  attached  to  each  other  by  bolts  passing  through  the  metal  end  pieces,  and 
the  loose  covering  sheets  of  ^'  expanded  metal  "  may  terminate  in  a  metal  strip 
secured  by  the  same  bolts. 
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Owens-Caae  Patent  Reinforced  Ck)ncrete  Groynes,  Fig.  562,  can  either  have  driven  piles  or  posts 
«et  in  concrete  blocks.  The  reinforced  slabs  fit  into  grooves  in  the  piles  or  posts,  and  can  be  added 
to  when  found  desirable.  The  weight  of  the  slabs  makes  them  self-adjusting  in  the  case  of  under 
runs.     Groynes  of  this  type  are  impervious  to  the  attack  of  worms  and  cannot  decay. 
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Cantilever  Quay  on  the  River  Loire,  nt  Xantea  (Frnnce).  Constnicteii  of  reinforced  concrete,  on 
the  Henntbiifiie  ayniem,  tlie  enntilevers  beinji  tied  back  to  the  warehouse  behind,  which  ih  also  built 
of  reinforced  concrete.  The  platform  is  27  feet  wide,  and  overhangs  the  river  by  24  feet  7  inches.  It  it 
cnifiilatod  to  carry  two  cranes  of  20  tons,  a  goods  train  with  locomotive,  and  in  addition  a  load  of  250 
pounds  per  square  toot. 


Jetty  at  Woolston,  Southampton,  constructed  of  reinforced  concrete,  on  the  Hennebique  tyttem. 
Calculated  to  carry  a  moving  load  of  Ocwta.  per  square  foot,  with  a  crane  to  lift  36  tons  at  the  end.  The 
fonndstionli  were  made  strong  enough  to  support  a  crane  lifting  60  tons,  in  ease  the  latter  should 
Aventually  be  substituted. 


Appendix    I 
M.  CONSIDEBE'S  TEST  TO  DESTRUCTION  OF  THE  PONT  DTVRY  '■ 

General  Remarks 

This  test  was  carried  out  prior  to  the  deaign  of  the  Flougastel  Bridge  by  M.  ConsidSre, 
the  largeet  spaa  of  which  is  213  feet. 

The  trial  bridge  had  a  span  of  65-  6  feet,  and  was  comprieed  of  two  parabolic  bowstring 
reinforced  concrete  girders  connected  by  wind-bracing,  and  a  decking  supported  on  beams. 
The  advantages  accruing  to  this  type  c^  construction  are  evident. 

1.  The  girders  being  of  the  parabolic  bowstring  type,  the  intensity  of  stress  is  the  same 


throughout  the  whole  length  of  each  member,  which  enables  the  maximum  economy  of 
material  to  be  obtained. 

2.  The  stresses  are  almost  entirely  direct  in  all  the  members,  with  the  exception  of 
tbe  floor  beams  aad  decking. 

3.  The  use  of  reinforced  concrete  enables  the  full  reeiatance  to  be  obtained  from  the 
metal,  there  being  no  deductions  required  in  the  tension  members  due  to  rivet  holes,  etc. 

4.  The  employment  of  this  type  of  bridge,  when  constructing  in  reinforced  concrete, 
reduces  the  weight  of  the  structure  to  the  minimum  obtainable. 

'  M.  Conaid^re  has  patented  this  method  of  hooped  conBtructiOD,  the  English  firm  working  the 
patents  being  the  Consid^e  Construction  Company.  3,  Victoria  Street,  Westminster. 
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6.  Since  all  the  metal  is  efiSciently  protected,  little  or  ao  maiateaance  will  be  reciuirfd. 

The  decision  to  make  a  t«et  to  failure  on  a  bridge  of  similar  design  to  that  proposed, 
and  of  practical  dimensions,  was  a  wise  one,  since  such  a  test  affords  information  as  to  the 
margin  of  secm-ity  of  the  structure,  and  shows  where  the  tendency  to  failure  will  occur. 

The  CoNSTRDcnoN  of  the  Test  Bbidoe 
A  view  of  the  trial  bridge  as  constructed  is  shown  in  Fig.5S6  and  the  general  arrang*- 
moat  and  sizes  of  tlie  several  members  and  the  methods  designed  for  forming  the  connesioni 
between  the  latticings  and  the  main  booms  in  Fig.  567.  The  central  panel  was  counter- 
braced.  Tlie  junction  of  the  top  and  bottom  booms  was  effected  by  securing  ironplateto 
the  ends  of  the  tcn'^ion  bars  by  passing  these  rods  through  lioles  in  the  plat-es  and  jumping 
up  their  ends,  the  tlirust  of  the  parabolic  compression  boom  being  taken  by  these  pktes, 

Tlie  tension  rods  were  calculated  to  take  the  whole  of  the  tensile  stresses,  and  tbe 
concrete  for  tiiese  members  consequently   required  less  care  in  consolidating,  and  was 


put  in  fairly  wet,  so  as  to  better  protect  the  metal.  The  spacing  of  the  rods  in  the  bottom 
boom  is  only  governed  by  the  size  of  the  jumped-up  heads.  The  top  boom  is  reinforeed 
with  longitudinal  rods  and  a  spiral  hooping. 

The  length  of  bar  necessary  to  hold  itself,  by  frictional  resistance  only,  can  be  eaaly 
calculated  for  the  attachment  of  the  rods  of  the  lattice  bracing  to  the  top  boom.  M- 
Consid^  allows  a  coefficient  of  resistance  for  the  axial  plane  of  a  rod  of  from  0  30  to  0  50 
the  total  stress,  and  takes  the  lower  limit  for  his  calculations.  As  the  pressure  acts  on  botb 
sides,  the  total  value  is  0-60,  so  that,  if  P  is  the  force  acting  on  the  piece  in  pounds  and  i 
is  the  diameter  of  the  rod,  the  resistance  of  the  rod  to  sliding  will  be  0  60P  x  S  for  each 
inch  of  length  of  the  rod.  From  this  M.  Considere  calculates  the  length  of  rod  necessary 
to  resbt  sliding  by  fractional  resistance  only,  due  to  a  direct  stress  of  35,550  pounds  per 
square  inch,  which  he  assumes  as  the  limit  of  elasticity  of  steel  of  ordinary  quahty. 

With  a  compressive  resistance  for  the  concrete  of  5,690  pounds  per  square  inch,  which 
may  be  allowed,  according  to  M.  Considere,  for  hooped  pieces,  the  length  of  rod  necessary 
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to  hold  by  friction  alone  will  be  eight  times  the  diameter.  It  is  consequently  easy  to 
give  a  length  of  from  two  to  three  times  that  calculated  for  the  bars,  and  M.  Oonsidere 
further  forms  each  pair  of  reinforcements  out  of  one  rod  bent  over  at  the  top  ;  it  will  there- 
fore be  seen  that  the  assemblage  of  the  rods  of  the  latticings  with  the  top  boom  is  a  simple 
matter. 

Por  the  connexion  of  the  rods  of  the  latticings  with  the  bottom  boom  it  is  not  advisable 
to  count  on  the  "  adhesive,"  or  fractional  resistance,  since  this  boom  is  in  tension.  M. 
Oonsidere  therefore  passes  the  rods  of  the  decking  and  its  supporting  beams  between  the 
main  longitudinals  of  the  bottom  boom,  and  hooks  the  rods  of  the  web  bracing  around 
these ;  and  further,  to  guard  against  any  displacement  of  the  main  longitudinals  by  the 
pull  of  the  rods  of  the  bracing,  he  encircles  them  with  a  light  spiral  winding  similar  to 
that  of  the  hooped  compression  boom.  These  spirals  are  spa«ced  far  apart,  through  the 
length  of  the  panel,  but  approach  one  another  closely  at  the  joint. 

M.  Oonsidere  considers  the  proper  attachment  of  the  rods  of  the  bracing  to  those 
of  the  bottom  boom  as  a  point  requiring  special  attention,  and  this  made  the  test  to  failure 
the  more  necessary. 

It  was  decided  that  the  size  of  the  top  boom  should  be  reduced  for  the  central  bay 
from  9-84  to  7  -87  inches  and  a  stronger  spiral  reinforcement  used,  the  hooping  being  formed  of 
steel  rods  0-433  inch  diameter  enrolled  on  a  core  6*7  inches  diameter,  with  a  spacing  of 
118  inches.  In  reality,  the  diameter  of  the  hooping  rods  was  0-429  inch,  and  the  diameter 
of  the  core  was  6-3  inches,  the  spacing  of  the  spirals  being  0-94  inch  as  a  mean  and  1-38 
inches  as  a  maximum. 

To  guard  against  any  bending  of  this  smaller  section,  an  upright  was  placed,  as  shown 
in  the  figures,  at  the  centre  of  the  bay.  This  support  was  found  to  produce  flexure  instead 
of  resisting  it,  and  would  not  be  necessary  in  a  practical  design. 

The  arrangement  of  the  connexions  between  the  rods  of  the  bracing  and  the  bottom 
boom  were  carried  out  exactly  as  designed  and  shown  in  Fig.  567,  but,  on  account  of  a 
vexatious  misunderstanding,  the  semi-circles  which  were  to  connect  the  rods  in  the  upper 
boom  were  left  out  in  most  of  the  connexions,  and  consequently  the  reinforcements  of  the 
uprights  and  diagonals  were  formed  of  independent  rods  hooked  at  their  ends,  and  these 
penetrated  into  the  hooped  members  for  varjdng  distances,  sometimes  of  very  small  length. 
Further,  the  rods  of  the  upright  where  the  failure  occurred  were  found  to  be  placed  on  one 
side  of  the  piece  so  as  to  be  close  against  the  lower  portion  of  the  spiral  hoopings,  and  conse- 
quently they  put  ui)on  these  a  considerable  extra  stress,  which  hastened  the  failure,  although 
the  connexion  formed  by  the  joint  was  perfectly  secure. 

Wind-bracings  of  transverse  pieces  and  diagonals  were  placed,  connecting  the  top 
booms  at  all  joints  excepting  those  of  the  two  extreme  panels. 

The  decking  was  supported  on  beams  placed  at  each  connexion  of  the  latticings  and 
the  bottom  boom. 

By  making  the  test  bridge  in  exact  proportions  to  the  sizes  calculated  for  the  larger 
proposed  span,  a  structure  is  produced  which  would  not  really  be  suitable  for  spanning  a 
65  6  foot  opening,  as  it  is  necessary  to  reduce  the  sizes  of  the  members  and  the  spacing  of 
the  spirals  to  such  amounts  as  to  render  the  ramming  of  the  concrete  very  difficult. 

It  was  not,  however,  a  question  of  establishing  a  type  of  bridge  which  would  be  suit- 
able for  a  span  of  65-6  feet,  but  to  test  the  dispositions  which  could  be  adopted  in  structures 
of  large  span,  and  consequently  the  weight  of  the  test  bridge  itself  would  be  less  than  that 
of  a  suitable  bridge  for  the  span  of  65-6  feet. 

As  concerned  the  tension  members,  it  is  necessary  to  increase  as  much  as  possible  the 
proportions  of  metal  to  the  embedding  concrete,  to  employ  a  steel  of  great  resistance,  and 
to  cause  them  to  act  under  high  stresses. 

M.  Oonsidere  points  out  that  if  the  numerous  metal  bars  forming  the  reinforcement 
of  the  tension  booms  were  not  in  the  exact  directions  of  the  forces  which  should  act  upon 
them,  due  to  their  sag,  one  would  fear  that  they  could  not  straighten  themselves  out  at 
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the  moment  of  the  application  of  the  loads  without  producing  deformations  and  perhaps 
cracks  in  the  concrete  which  envelopes  them.  To  prevent  this  inconvenience,  it  is  sufficieat 
to  apply  in  advance  a  sufficient  portion  of  the  forces  which  the  rods  will  have  to  support 
when  in  working,  and  not  to  put  in  the  concrete  until  they  have  taken  the  directions  that 
they  must  have  eventually. 

To  produce  these  tensions,  the  following  method  was  adopted.  Instead  of  forming 
the  falsework  of  inclined  timbers,  and  tie  beams  to  prevent  their  spreading,  the  inclined 
timbers  only  were  used  with  their  feet  attached  to  the  steel  plates  held  by  the  rods  of  the 
bottom  boom.  A  double  advantage  is  gained  by  this  disposition,  for,  besides  giving  the 
necessary  tension  to  the  rods  of  the  bottom  boom,  an  economy  of  falsework  is  also  eflfected. 

When  the  falsework  for  the  two  girders  had  thus  been  established  and  well  braced 
together,  templates  were  suspended  from  them,  which  gave  the  proper  spacing  of  the  rein- 
forcements of  the  bottom  booms  and  governed  the  height,  so  as  to  give  to  these  members 
a  rectilineal  form.  The  boxes  for  moulding  the  several  pieces  in  the  usual  way  were  then 
attached  to  the  falsework.  The  uprights  and  diagonals  were  moulded  first,  then  the  hooped 
compression  booms  and  the  wind-bracing,  after  which  the  decking  was  formed. 

In  the  case  of  the  Pont  d'lvry,  the  weight  was  found  to  be  insufficient  to  straighten 
out  the  rods  of  the  bottom  boom,  on  account  of  the  small  span  (although  this  would  easily 
have  been  realized  with  large  spans) ;  a  load  of  five  tons  of  rails  was  consequently  suspended 
from  the  falsework. 

It  would,  of  course,  be  unnecessary  to  take  these  precautions  for  an  actual  bridge 
of  65*6  feet  span  ;  it  would  suffice  to  reduce  the  percentage  of  metal  and  at  the  same  time 
increase  the  weight  of  the  girders,  which  in  this  case  would  not  cause  any  inconvenience. 

For  practical  purposes  it  is  impossible  to  use  unannealed  steel  wires  for  the  hooping, 
since  the  spirals  must  have  diameters  more  than  0-2  inch,  which  is  the  largest  diameter 
produced  by  drawing. 

The  hoopings  of  the  trial  bridge  were  formed  of  ordinary  mild  steel  rods  having  an  ulti- 
mate resistance  of  58,018  pounds  per  square  inch  and  a  limit  of  elasticity  of  37, 114  pounds 
per  square  inch  for  ordinary  sizes,  and  for  small  sizes  a  resistance  of  55,060  and  an  elastic 
limit  of  34,044  pounds  per  square  inch.  The  spirals  were  in  two  sets,  each  having  double 
the  designed  spacing,  the  one  set  being  wound  between  the  other,  and  the  ends  of  each 
being  finished  off  about  the  centre  of  the  length  of  the  other  winding. 

The  ramming  had  to  be  done  in  a  direction  normal  to  the  axis  of  the  compression 
boom,  which  might  be  supposed  to  produce  a  worse  result  than  when  done  in  the  direction 
of  the  axis  ;  but,  in  spite  of  this,  the  behaviour  was  perfectly  satisfactory.  On  account 
of  the  small  size  of  the  members,  a  shingle  passing  a  screen  of  from  0*47  to  0-59  inch  mesh 
was  used  instead  of  that  passing  a  1-inch  mesh,  such  as  ia  customary  in  such  work.  For  the 
hooped  pieces  a  mixture  of  1,339  pounds  of  cement  was  used  to  0-8  cubic  yard  of  shingle 
and  0-4  cubic  yard  of  sand,  which  gives  1-28  cubic  yards  of  concrete.  This  would  mean, 
1,045  pounds  of  cement  per  cubic  yard  of  concrete  in  place.  M.  Considere  points  out  that 
since  the  larger  the  size  of  the  shingle  the  smaller  will  be  the  percentage  of  voids,  if  1-inch 
shingle  were  used  it  would  only  be  necessary  to  use  1,170  pounds  of  cement  to  1-2  cubic  yards 
of  sand  and  shingle,  or  820  pounds  of  cement  per  cubic  yard  of  concrete  in  place.  The  cement 
was  reduced  to  1,003  pounds  for  the  same  quantities  of  aggregates  for  the  uprights  and  dia- 
gonals of  the  bracing,  and  the  same  weight,  but  using  sand  only  for  the  aggregate,  was 
employed  for  the  bottom  boom.  For  the  decking  and  wind-bracing  the  weight  of  cement 
was  further  reduced  to  502  pounds. 


Description  of  the  Test 

The  test  of  the  bridge  was  carried  out  under  the  supervision  of  M.  Considere,  M. 
Mesnager  (Chef  du  Service  des  Laboratoires  des  Fonts  et  Chauss6es),  M.  Mercier  (Principal 
Conducteur  du  Laboratoire  de  TEcole  des  Fonts  et  Chauss^es),  and  M.  Caillebotte.    The 
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<3oiistraction  of  the  bridge  was  finished  on  July  28, 1903,  and  the  testing  carried  out  on 
IN'ovember  11,  12,  and  13. 

As  a  commencement,  a  load  was  applied  in  such  a  manner  as  to  stress  the  reinforce- 
ments of  the  diagonals  nearest  to  the  centre  to  14,220  pounds  per  square  inch.  For  this 
purpose  121  tons  of  rails,  14-76  feet  long,  were  first  placed  on  the  eastern  half  of  the 
length  of  the  bridge,  laid  longitudinally,  to  distribute  the  load  in  such  a  manner  that  the 
reaistanoe  of  the  decking  was  assured  and  the  production  of  excessive  bending  strains 
prevented  in  the  bottom  booms,  such  as  would  be  produced  by  loads  placed  between  the 
uprights.  After  this,  further  rails  were  laid  transversely  throughout  the  panels  of  this 
half,  and  in  this  manner  the  necessary  loading  of  34  tons  was  completed.  Under  this 
loading  there  was  no  trace  of  fatigue  at  any  of  the  joints. 

Before  proceeding  further,  it  is  well  to  state  the  sectional  area  of  the  compression 
boom  and  the  stresses  which  were  put  on  the  concrete  for  each  10  tons  of  imif ormly  distri- 
buted load.  The  following  Table  gives  this  information  for  the  ordinary  size  of  the  boom 
•and  for  the  reduced  section  of  the  central  panel. 


TABLE  XC 


Nature  of  If  ember 


Form  of  90ction  ....«• 

Diameter  of  inscribed  circle  in  inches  .  .  • 

Designation  ....... 

Area  of  cross-section,  square  inches 
■Stress  in  pounds  per  square  inch  produced  by  a  load 
of  10  tons     ....... 


UioalType 


Total 
Section 


Octagon 
984 

C 
80-3 

149 


Core  within 
Spirab 


Circular 
7-87 

Cc 

48-7 
246 


Centre  Bay 


Total 
Section 


Octagon 

7-87 

R 

61-6 

231 


Gore  within 
Spirals 


Circular 
6-3 
Be 
31*2 

390 


M.  Consid^re  points  out  that  the  ratio  of  the  weight  of  the  structure  itseK  to  the 
load  it  has  to  support  varies  within  wide  limits  according  to  the  span,  and  the  only  method 
to  employ  in  drawing  conclusions  from  a  test,  which  may  be  appUcable  to  all  cases,  is  to 
refer  the  results  to  the  total  load,  including  the  weight  of  the  structure  itself.  The  total 
weight  of  the  trial  bridge  was  approximately  26  tons,  and  this  load  must  consequently  be 
^ded  to  the  super  load  of  rails  to  arrive  at  the  total  stresses  on  the  members. 

With  a  super  load  of  60  tons  of  rails,  or  a  total  load  of  85  tons, 
we  have  C  =  1,267,  C,  =  2,091,  E  =  1,963,  and  E,  «  3,316. 

Under  this  load,  which  is  that  for  which  the  bridge  was  designed,  there  was  no  damage, 
Although  it  was  as  heavy  a  stress  as  can  be  allowed  on  pieces  with  light  hooping  in  the  case 
of  the  small  section  E^.  After  this  load  had  been  on  for  12  hours,  the  deflexion  at  the 
-centre  was  a  little  over  ttitW  ^^  ^^®  span,  being  more  than  is  usual  for  reinforced  concrete 
structures  of  the  ordinary  type,  but  the  concrete  was  stressed  considerably  above  the  safe 
allowance  in  ordinary  cases,  and,  as  M*.  Consid^re  has  shown  by  his  laboratorial  experi- 
ments, the  hooping  does  not  increase  the  coefficient  of  elasticity  to  such  an  extent  as  the 
resistance. 

The  deformations  were  measured  by  Manet-Rabut  apparati.  These  are  given  for  the 
various  loadings  in  Table  XCII,  together  with  the  deflexions.  During  a  prolonged  appUca- 
tion  of  the  super  load  of  60  tons  the  apparati  A  and  B  (Fig.  570)  showed  a  contraction  of 

iooooo>  and  the  apparati  C  and  D  y^rwurr- 

M.  Consid^re  points  out  that  a  boom  of  mild  steel  stressed  to  11,376  pounds  per  square 
inch  of  the  total  sectional  area,  nov  deducting  rivet  holes, would  suffer  a  contraction  approxi- 
mating ^^gg^^.  If  |-g^  of  this  figure  is  taken  for  comparison,  with  the  deformation 
of  the  hooped  concrete  booms,  while  the  total  load  on  the  bridge  has  increased  from  25 
to  85  ton',  this  deformation  becomes  Yo§yo7F»  which  is  about  half  again  as  much  as  those  of 
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1  w§inr  ®^^  iftoooo  observed  for  the  hooped  concrete  booms.  The  comparison  will  be  even 
more  favourable  to  the  reinforced  concrete  bridge  if  the  mean  of  the  contractions  of  the  top 
booms  and  the  elongations  of  the  bottom  booms  of  ^oVooq  ^  taken, since  it  is  then  f omid 
that  the  deformation  of  the  reinforced  concrete  bridge  was  about  ^  of  that  of  a  steel  bridge 
of  the  same  form. 

It  is  also  to  be  noted  that  since  the  proportion  of  the  weight  of  the  structure  itself  to 
the  moving  load  is  much  liigher  for  a  reinforced  concrete  than  for  a  steel  bridge  of  the  same 
type,  it  will  suffer  far  less  deformation  during  the  passage  of  the  load. 

Taking  all  these  factors  into  account,  one  may  safely  say  that  the  deformations 
produced  by  sudden  loads  on  bridges  such  as  that  tested  by  M.  Considere  are  half  those 
of  a  similar  metallic  structure. 

With  a  super  load  of  180  tons  of  rails,  or  a  total  load  of  225  tons. 

The  bridge  showed  no  signs  of  failure  before  the  application  of  this  load,  so  it  is  needless- 
to  refer  specially  to  the  intermediate  loadings.     At  this  load  we  have — 

C  =  3,055,  C,  =  5,044,  R  =  4,735,  R,  =  7,995. 

The  first  signs  of  failure  occurred  when  the  loading  reached  this  amount  of  three  times- 
that  for  which  the  bridge  was  calculated.  Hardly  perceptible  hair  cracks,  less  open  than 
those  often  noticed  in  beams  reinforced  in  the  ordinary  manner  under  the  working  loading, 
appeared  in  the  tension  booms  about  a  third  of  the  span  from  the  supports.  Cracks 
also  appeared  in  the  concrete  surrounding  the  hoopings  of  the  top  boom  at  the  connexions 
I  and  II  (Fig.  570)  of  the  northern  girder,  and  II  of  the  southern  girder.  These  cracks 
inclined  at  a  small  angle  to  the  horizontal  at  their  upper  and  lower  ends,  but  had  a  steeper 
slope  throughout  the  central  portion  of  the  boom  of  the  height  of  vertical  faces  of  the  octa- 
gonal member.  At  the  same  time  two  of  the  four  piers  which  supported  the  bridge  and 
rdsted  on  a  raft  of  reinforced  concrete  settled  somewhat.  The  piers  to  settle  were  one  at 
either  end  supporting  different  girders,  giving  a  twist  to  the  bridge,  which  was  partially 
rectified  by  hollowing  out  the  ground  under  the  piers  that  had  not  settled. 

With  a  super  had  of  200  tons,  or  a  total  had  of  225  tyns. 
At  this  load  C  =  3,353,  C,  =  5,635,  R  =  5,200,  R,  =  8,775. 

The  above  mentioned  phenomena  increased  under  this  load,  and  also  the  casing  on 
the  central  portion  of  the  compression  boom  commenced  to  shell  off,  leaving  the  hooping 
exposed.  This  occurred  under  a  stress  of  5,200  pounds  per  square  inch,  and  was  purely 
superficial. 

It  was  not  until  the  super  load  amounted  to  from  220  to  240  tons,  or  the  total  load  to 
from  245  to  265  tons,  that  the  casing  on  the  ordinary  section  of  the  boom  commenced  to 
scale,  the  stresses  being  higher  than  3,654  and  6,972  pounds  per  square  inch  on  the  total 
section  and  the  hooped  core  respectively. 

With  a  super  load  of  241  tons,  or  a  total  load  of  266  tons. 

C  =  3,983,  C,  =  6,644.  R  =  6,145,  R  =  10,223. 

This  load  produced  the  final  failure.  Five  spirals,  at  the  joint  I  (Fig.  670)  of  the 
northern  beam,  broke,  showing  the  characteristic  reduction  of  area.  The  concrete,  thus 
left  imsupported,  crushed  and  sheared  obliquely,  as  shown  (Fig.  568). 

This  failure  produced  a  distinct  report,  followed  almost  simultaneously  by  that  caused 
by  the  failure  by  bending  of  the  compression  boom  in  the  two  panels  of  the  southern 
beam  near  the  supports  on  the  east  side.  The  second  failure,  which  was  evidently  caused 
by  the  first,  produced  a  considerable  local  bending  in  the  boom  between  the  first  and  second 
joints,  accompanied  by  cracks  perpendicular  to  the  axis.  The  concrete  between  these 
cracks  appeared  to  have  retained  its  resistance,  and  would  without  doubt  have  sustained 
considerably  higher  stresses  than  those  to  which  the  member  was  subjected. 
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The  tenuion  booms  were  almost  intact,  and,  in  spite  of  the  considerable  Hexnre  and  the 
shocks  to  whicb  they  had  been  subjected,  they  only  showed  very  slight  cracks. 

The  damage  was  much  greater  in  the  latticings,  which  were  reinforced  in  the  ordinary 
manner.  The  uprights  and  diagonals  of  the  first  two  p&nels  were  entirely  broken  out  and 
only  retained  portions  of  the  concrete  on  the  rods,  which  were  considerably  bent  (Fig.  569). 

On  exanuQ&tion  of  the  portions  where  the  failures  occurred,  it  was  found  that  the 
-compression  boom  was  practically  undamaged,  except  at  the  joint  I  (Fig.  570)  of  the 
northern  girder,  and  throughout  four-fifths  of  the  length  the  casing  of  concrete  was  intact. 
At  the  reduced  central  portion  no  further  damage  had  occurred  beyond  the  scaling  oS  of 
the  outer  layer  already  described,  and  this  portion  did  not  fail,  in  spite  of  the  severe  shock 
to  which  it  was  subjected  at  the  final  rupture. 

The  reinforcements  of  the  upright  where  the  failure  occurred,  instead  of  hpinc  united 


Fte.  fi69 

by  a  symmetrical  bend  of  large  radius  well  embedded  in  the  hooped  core,  were  bent  to  a 
radius  of  only  255  inches,  and  penetrated  not  more  than  354  inches  into  the  core.  Thev 
were  also  unsymmetrical,  both  the  rods  of  one  pair  being  at  one  side  of  the  piece  and  one 
■of  the  branches  almost  parallel  to  the  neighbouring  spirals  of  the  boom,  being  not  more 
than  1-18  inches  away  from  them  at  several  points. 

In  spite  of  this  serious  defect,  the  reinforcements  had  not  slipped  in  the  concrete, 
but  the  tension  they  exerted,  acting  almost  directly  on  the  spirals,  hastened  the  failure. 

M.  Considdre  points  out  that  it  is  probable  that  the  tension  of  these  reinforcemeots 
■added  quite  9,954  pounds  per  square  inch  to  the  normal  stress  on  the  hoopings,  or  more 
than  a  quarter  the  elastic  limit  of  the  metal. 

Although  all  the  joints  between  the  latticings  and  the  top  boom  were  badly  con- 
«tnicted,  only  three  out  of  twenty-four  showed  any  signs  of  failure,  and  out  of  these  only 
one  failed  by  the  breaking  of  the  spirals,  and  that  under  a  veiy  heavy  loading. 
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This  shows  that,  in  spite  of  the  unfortunate  mistakes  in  making  these  connexions, 
they  all  withstood  very  high  stresses.  It  may  also  be  pointed  out  that  the  shelling  off  of 
the  external  layer  of  concrete  always  considerably  precedes  the  final  failure,  and  gives 
ample  warning. 

M.  Considere  further  points  out  that  it  is  easy  to  give  the  joints  a  larger  margin  of 
security  by  reducing  the  spacing  of  the  spirals  where  these  occur. 

Minor  Faults  in  Construction 

M.  Considere  mentions  the  following  minor  faults  in  construction  of  the  test  bridge 
which  did  not  have  any  effect  on  the  final  resistance. 

1.  The  hooped  core  having  a  much  greater  resistance  and  coefficient  of  elasticity  than 
the  outer  casing  of  concrete,  it  is  specially  important  that  this  envelope  should  be  of  uniform 
thickness.  It  was  found,  however,  that  the  spirals  were  absolutely  tangential  to  the  outer 
surface  of  the  concrete  at  certain  places,  while  at  others  the  covering  was  1-67  inches  thick. 
The  result  of  this  was  that  undulations  were  produced  in  the  hooped  core,  such  that  in  a 
length  of  10*24  inches  of  the  core  of  the  central  panel,  an  initial  deflexion  of  0*275  inch  was 
measured.  M.  Considere  points  out  that,  as  the  inconvenience  of  an  eccentricity  of  the 
lioopings  is  inversely  proportional  to  the  diameter,  there  is  nothing  to  fear  on  this  account 
in  an  actual  construction,  and  that  to  ensure  an  even  covering  it  is  only  necessary  to  pack 
the  hoopings  off  from  the  sides  of  their  moulds  by  pieces  of  concrete  of  practically  the  same 
thickness  at  several  places  along  and  around  them  before  putting  in  the  concrete. 

2.  The  axes  of  the  boom  members  meeting  at  the  same  joint  should  evidently  cut  one 
another  at  the  point  of  junction  of  the  corresponding  bars  of  the  latticings.  Such  was  not 
the  case  in  the  trial  bridge,  and  considerable  errors  were  noticed  due  to  this. 

3.  The  spacing  of  the  spirals  was  fairly  regular  as  a  rule  in  the  ordinary  sized  top  boom, 
but,  on  account  of  the  small  diameter  of  the  core  and  the  use  of  larger  rods,  the  spacing  for 
the  central  portion  was  not  uniforAi,  and  varied  between  the  relatively  wide  limits  of  0-945 
And  1-417  inches.    This  appeared  to  have  no  bad  effect. 

4.  The  extremities  of  some  of  the  spirals  were  not  bent  inwards  along  the  diameter 
•of  the  boom,  as  was  intended,  several  of  them  only  penetrated  from  1-97  to  2-36  inches 
into  the  core ;  there  was,  however,  no  bad  effect,  thanks  to  the  considerable  frictional 
resistance  of  the  highly  compressed  concrete  and  the  precaution  which  was  taken  in 
alternating  the  joints  of  the  spirals. 

5.  The  hooping  of  the  compression  booms  should  have  been  prolonged  up  to  the  end 
plates,  being  slightly  deformed  so  as  to  pass  between  the  rods  of  the  tension  boom.  It 
-was  forgotten  to  insert  these  last  windings  prior  to  the  putting  in  place  of  the  longitudinal 
rods  of  the  tension  boom  and  the  forming  of  their  heads,  so  as  to  retain  the  plates  in  posi- 
tion. To  remedy  this  error  separate  hoopings  were  placed  at  the  ends,  which  were  given  a 
considerable  excess  of  strength  to  compensate  for  the  lack  of  continuity. 

In  spite  of  this  defect,  the  ends  of  the  girders  showed  no  signs  of  damage. 

Resistance 

M.  Considere  concluded  from  his  laboratorial  experiments  (page  342)  that  the  resist- 
ance of  a  hooped  piece  was  made  up  of — 

1.  The  resistance  of  the  concrete  when  not  hooped. 

2.  The  resistance  of  the  longitudinal  reinforcements  stressed  to  their  elastic  limit. 

3.  The  resistance  of  imaginary  longitudinals  having  at  least  2-4  times  the  sectional 
area  of  the  spiral  reinforcement  and  stressed  to  its  elastic  hmit. 

Employing  this  method  of  calculation  for  the  resistance  of  the  hooped  members  of 
the  Pont  d'lvry,  M.  Considere  considers,  very  rightly,  that  the  percentage  of  reinforcement 
must  be  referred  to  the  hooped  core,  since  the  outer  shell  has  no  effect  on  the  ultimate 
resistance,  if,  as  is  usually  the  case,  it  flakes  off  some  time  before  the  final  rupture. 

On  this  assumption  he  finds  that  the  spirals  are  4-6  or  404  per  cent,  of  the  volume 
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of  the  concrete  according  as  their  pitch  is  taken  as  the  mean  of  1-22  or  as  the  maximum 
of  1-42  inches.    The  percentage  of  the  longitudinals  was  2  42. 

The  resistance  of  the  piece  for  the  mean  spacing  of  the  spirals  is  therefore  made  up  of— 
The  resistance  of  the  spirals  =  0048  x  2-4  x  37,114  =  4,097  pounds  per  sq.  in. 
„  „         longitudinals  =  00242  x  37,114  »  898 

„  „  concrete  =  2,600        „  „ 


The  total  resistance  being         =  7,655  pounds  per  sq.  in. 

Making  a  similar  calculation  for  the  maximum  spacing  of  the  spirals,  the  resistance 
is  found  to  be  7,000  pounds  per  square  inch. 

The  resistance  of  the  concrete  is  assumed,  but  will  be  verified  after  the  bridge  is 
destroyed. 

The  absolute  pressure  to  which  the  ordinary  section  of  boom  was  subjected  did 
not  exceed  6,540  pounds  per  square  inch,  and  consequently  the  test  does  not  absolutely 
establish  the  truth  of  the  method  of  calculation  proposed  by  M.  Considere. 

It  is  important,  however,  to  note  that  throughout  a  portion  of  four-fifths  of  the  tctal 
length  of  the  boom  of  ordinary  section  no  failure  occurred,  and,  what  is  still  more  remark- 
able,  the  concrete  forming  the  casing  did  not  peel  off,  which  will  always  occur  some  time 
before  the  final  failure,  as  shown  by  the  behaviour  of  the  reduced  section  which  scaled  at 
a  pressure  of  7,882  pounds  per  square  inch  on  the  hooped  core,  and  stood  without  failure 
the  enormous  pressure  of  10,223  pounds  per  square  inch. 

For  the  portion  of  the  beam  of  reduced  sectional  area  the  percentage  of  spiral  reinforce- 
ments was  9-75  or  6-5  according  as  the  mean  pitch  of  0-94  or  the  maximum  of  1-42  inches 
is  taken. 

The  percentage  of  longitudinal  reinforcements  was  3-8  of  the  hooped  core. 

Taking  the  mean  spacing  of  the  spirals  and  proceeding  as  before,  we  get — 

The  resistance  of  the  spirals  =  00976  x  2-4  x  33,844  =  7,929  pounds  per  sq.  in. 

longitudinals  =  0038  x  36,970  =  1,406 

„  „  concrete  =  2,660        „  „ 


The  total  resistance  being  =   11,894  pounds  per  sq.  in. 

Making  a  similar  calculation  for  the  maximum  spacing  of  the  spirals,  the  resistance  i& 
found  to  be  9,250  pounds  per  square  inch. 

The  piece  withstood  a  pressure  of  10,223  pounds  per  square  inch,  and  must  have  resisted 
more  than  this  amount  in  consoquence  of  the  sudden  shock  due  to  the  failure  of  the  bridge. 
It  is  probable  therefore  that  the  real  resistance  lies  between  the  two  figures  found  as  above^ 
or  may  even  be  greater  than  that  calculated  from  the  mean  spacing.  This  result,  therefore^ 
appears  to  indicate  the  truth  of  M.  Considere's  method  of  calculation. 

Coefficient  of  Elasticity 

From  the  deformations  of  the  hooped  boom  the  coefficients  of  elasticity  are  found  to  be 
those  given  in  Table  XCI,  showing  a  coefficient  becoming  smaller  as  the  pressure  increases,  a* 
the  case  of  the  laboratorial  experiments  under  a  first  loading. 

TABLE  XCI 


Portion  of  Ordinary  Section 


Coefficient 


Pressures  between  which  Coefficient 

was  taken 

Pounds  per  Square  Inch 


4-52  xlO« 
3-85  X  lOfl 
2-84  X  10« 


885  to  1268 
1268  to  2463 
2463  to  3060 


Central  Portion  of  Aeduced  Section 


Cbefflcient 


6-95  X  10« 
611xl0« 
210xl0« 


Pressures  between  which  Coefficient 
was  taken 
Pounds  per  Square  loch 


680  to  1970 
1970  to  3825 
3825  to  4750 


The  pressures  are  referred  to  the  whole  section  of  concrete,  including  the  outer  casing- 
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Ductility 

The  sudden  failure  of  the  bridge  being  due  to  the  breaking  of  the  spirals  at  a  joint, 
the  effects  of  the  remarkable  ductility  of  hooped  concrete  were  not  observable.  At  the 
time  of  rupture,  however,  some  of  the  portions  were  under  considerable  flexure,  which 
produced  tensile  cracks  in  the  concrete. 

Since  it  was  not  known  to  any  certainty  beforehand  what  the  behaviour  of  the  reduced 
section  would  be,  it  was  deemed  advisable,  as  had  been  mentioned  previously,  to  support 
its  centre  by  a  short  upright  from  the  lattice  bracing  of  the  central  panel,  but  from  the  infor- 
mation gained  from  the  measured  deformations,  it  was  found  that  tliis  support,  instead  of 
aiding  the  hooped  member  in  resisting  bending,  was  in  itself  a  cause  of  flexure.  The  com- 
pressional  stresses  produced  in  the  member  cause  the  upper  ends  of  the  lattice  bracings  to 
ap^^roach  one  another,  and  consequently  tended  to  elevate  the  two  ends  of  the  member ; 
the  central  upright  acted  as  a  tie,  holding  down  the  centre,  and  therefore  resisted  the 
general  raising,  producing  a  flexure  shown  by  the  instruments  measuring  the  deforma- 
tions {vide  Instrument  B,  Table  XCII).  The  concrete  of  the  upright  and  the  upper  ends  of 
the  latticings  was  cut  away  to  lessen  this  effect  (vide  Fig.  568),  but  this  was  done  too  late 
to  have  any  appreciable  effect.  On  plotting  the  deformations,  M.  Considere  found  that 
under  the  final  loading  the  upper  longitudinab  of  this  hooped  piece  were  subjected  to  con- 
tractions four  times  as  great  as  those  of  the  lower  longitudinals. 

It  is  interesting  to  note  that  under  this  flexure  the  hooped  core  of  the  central  reduced 
section  withstood  the  pressure  of  10,223  pounds  per  square  inch,  which  would  certainly 
have  produced  the  premature  failure  of  less  ductile  materials. 

Symptoms  Announcing  the  Fatigue  of  Hooped  Concrete,  and  Possibility  of  doing 

AWAY  WITH  THE  INCONVENIENCE  DUE  TO  THE  SHELLING  OFF  OF  THE  OUTER  LaYER 

Before  the  hooped  core  has  attained  the  limit  of  sale  resistance,  the  outer  shell  will 
scale  off.  It  was  also  noticed  in  the  test  of  the  Pont  d'lvry,  that  noticeable  cracks  occurred 
at  S3veral  of  the  joints  imder  a  load  of  180  tons,  or  three-fourths  the  final  load  of  241  tons. 
The  difference  between  the  resistance  of  the  hooped  core  and  the  outer  shell  was  mora 
in  the  case  of  the  ordinary  section  than  in  that  of  the  reduced  section  at  the  central  panel. 
This  shelling  of  the  outer  envelope  giving  notice  of  the  approach  of  failure  is  a  very 
advantageous  property  of  hooped  concrete. 

After  the  outer  layer  has  flaked  off  it  can  be  replaced  at  very  small  expense,  and  in 
consequence  of  the  hooped  core  having  taken  a  permanent  set,  the  new  envelope  will  not 
shell  off  so  soon  on  the  reloading.  It  is  also  possible  to  give  further  resistance  to  the 
hooped  core  by  putting  on  a  supplementary  winding  of  steel  wire.  If  the  new  winding  is 
introduced  at  a  connexion,  the  concrete  of  the  bracing  is  broken  through,  the  new  winding 
put  on  and  the  concrete  pieced  up.  The  destruction  of  the  concrete  has  no  influence  on  the 
resistance  of  the  bracing,  since  these  act  in  tension. 

Compared  with  other  materials,  hooped  concrete  has  a  distinct  advantage  due  to  the 
notice  of  approaching  failure.  It  is  true  that  if  the  cross  ties  of  a  compression  piece,  rein- 
forced with  longitudinal  rods  only,  are  placed  near  enough  together,  the  behaviour  of  the 
piece  is  somewhat  similar  to  that  of  hooped  concrete,  but  the  difference  between  the  first 
scaling  and  the  final  rupture  is  never  very  great  in  such  a  case. 

In  the  case  of  a  well-designed  metal  structure,  the  final  failure  is  generally  due  to  the 
metal  having  passed  its  elastic  limit,  of  which  there  is  no  warning.  It  may  also  be  mentioned 
that  in  the  case  of  pieces  of  reinforced  concrete  subjected  to  bending,  where  the  failure  will 
be  due  to  tensile  stresses,  considerable  deformations,  due  to  the  excessive  elongation  of  the 
reinforcements,  will  occur  long  before  the  loading  becomes  at  all  dangerous.  This  property 
will  often  allow  the  necessary  precautions  to  be  taken  to  avoid  failure.  This  is  a  distinct 
advantage  over  metallic  construction,  in  which  the  failure  by  tension  wiU  ocgwi  suddenly  in 
the  parts  pierced  by  rivet  holes. 
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Thb  Uncbrtaixty  op  the  Behavioub  of  the  Matebial  Dtnu  TO  Bad  Workjianshi? 

M.  Consid^re  remarks,  in  referring  to  this  disadvantage,  that  whereas  engineers,  who 
are  unacquainted  with  the  use  of  reinforced  concrete,  recognize  generally  its  good  qualities 
and  the  advantages  which  are  realized  by  its  employment,  they  fear  the  conger  of  bad 
workmanship  in  its  construction. 

If,  however,  the  statistics  of  works  in  this  material  are  studied,  of  which  hundreds  of 
millions  have  been  constructed  (over  twenty  thousand  structures  have  been  erected  by  Uie 
Hennebique  system  alone)  ,^  there  do  not  appear  to  have  been  a  greater  proportion  of  acci- 
dents in  works  of  this  material  than  in  any  other  kind  of  construction,  and  as  a  rule  sach 
failures  as  have  occurred  were  due  to  jH^mature  striking  of  the  falsework  or  some  indiscre- 
tion during  construction,  and  even  against  these  eventualities  the  use  of  hooped  concrete 
gives  a  great  measure  of  security. 

The  accidents  which  occur  in  reinforced  concrete  under  compression  are  the  direct 
consequence  of  the  slipping  of  the  reinforcements  through  the  concrete,  or  to  the  crushing  of 
the  concrete.  In  hooped  concrete  the  tendency  to  the  slipping  of  the  reinforcements  is 
much  reduced,  due  to  the  lateral  compression  caused  by  the  hooping,  and  the  crushing  of 
the  concrete  is  absolutely  prevented. 

The  adherence  was  not  brought  into  play  for  the  tension  rods  of  the  bottom  boom  of 
the  Pont  d'lvry,  since  they  were  held  by  the  end  plates  ;  nor  was  it  requisitioned  in  the 
connexions  of  the  bracings  with  the  tension  boom,  since  the  rods  of  the  bracing  were  all 
hooked  securely  to  the  main  reinforcements  of  the  floor  beams,  which  were  themselves 
held  by  being  passed  between  the  rods  of  the  bottom  boom. 

The  frictional  resistance  of  the  hooped  concrete  of  the  top  boom  on  the  rods  of  the 
bracing  would  have  been  sufficient  of  itself,  but  as  an  extra  precaution  these  were  formed 
with  bends  at  the  top. 

To  judge  the  effect  of  the  use  of  an  inferior  quality  of  concrete  on  the  crushing  resistance 
of  hooped  members,  we  may  refer  to  the  calculations  made  on  page  572.  If  the  resistance 
due  to  the  concrete  itself  is  reduced  one-half,  the  total  resistance  is  only  reduced  from  7,555 
to  6,275  pounds  per  square  inch  in  the  ordinary  sized  boom,  and  from  ll,8d4  to  10,614 
for  the  portion  of  reduced  section,  which  still  leaves  a  large  margin  of  security. 

The  coefficient  of  elasticity,  when  inferior  concrete  is  employed,  will  be  diminished  in 
a  greater  measure  than  the  resistance,  and  this  will  reduce  the  resistance  to  flexure  of  long 
pieces,  but,  for  structures  similar  to  the  Pont  d'lvry,  where  the  unsupported  lengths  are 
comparatively  small,  this  will  not  affect  the  security.  M.  Considdre  calculates  that  ^ith 
the  initial  coefficient  of  elasticity  reduced  to  the  improbably  low  figure  of  213  x  10* 
and  remaining  at  this  amount,  a  piece  of  hooped  concrete  with  a  length  of  ten  diameters 
would  support  a  pressure  of  14,220  pounds  per  square  inch  without  flexure. 

The  Resistances  Obtained 

Since  his  laboratorial  experiments  on  hooped  concrete  (page  277),  M.  Considere  has 
followed  up  the  application  of  this  method  of  reinforcement  to  diverse  works,  and  bearing 
in  mind  the  importance  of  the  amount  of  dead  load  in  structures  of  large  span,  he  specially 
studied  the  possibility  of  constructing  members  with  great  resistance,  using  mild  steel  of 
commercial  quality  for  the  spirals  instead  of  drawn  wire. 

It  was  for  this  purpose  that  he  substituted  a  piece,  in  which  the  spirals  have  a  volume 
of  6  per  cent,  that  of  the  concrete,  in  the  central  panel  of  the  Pont  d'lvry.  The  resistances 
obtained  without  failure  for  this  piece  have  been  mentioned  above,  and  M.  Ck)nsidere 
intends  to  make  further  experiments  on  pieces  with  larger  percentage  of  reinforcement. 

Factor  of  Safety 

A  coefficient  of  security  is  necessary  for  several  reasons. 

1.  Certain  precautions  apply  to  all  constructions  of  whatever  material,  the  most 

^  This  was  at  the  end  of  1903.     A  great  many  more  have  been  erected  since  that  date. 
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important  being  the  probability  of  errors  in  the  calculations  and  the  possibility  of  an 
increase  of  the  loading  above  that  for  which  the  structure  was  designed. 

2.  It  is  always  necessary  to  provide  against  possible  bad  workmanship,  but  it  has 
been  shown  that  there  is  not  much  to  fear  on  this  account  in  structures  of  hooped  con- 
crete, since  a  very  large  portion  of  the  resistance  is  due  to  the  spirals.  It  is  easy  to  check 
the  disposition  of  these  before  the  putting  in  of  the  concrete,  and  their  resistance  is  very 
uniform,  since  they  are  bent  cold,  and  are  not  subjected  to  any  forging,  welding,  etc.,  prior 
to  being  put  into  place. 

3.  In  all  structures  there  is  always  a  possibility  of  an  uneven  settlement  of  the 
supports  and  secondary  stresses  caused  by  the  rigidity  of  the  connexions.  These  effects 
are  resisted  by  the  ductility  of  the  material,  and  it  is  here  that  metal  structures  gain 
an  advantage  over  those  constructed  of  ordinary  masonry. 

It  has  been  shown  that  hooped  concrete  possesses  the  property  of  ductility  in  a  marked 
degree,  and  M.  Consid^re  mentions  a  further  case  in  which  a  hooped  prism  5-91  inches 
diameter  suffered  without  breaking  a  curvature  of  1  -96  feet  radius. 

It  is  evident,  therefore,  that  as  far  as  concerns  the  ductility,  there  is  no  reason  for 
adopting  a  greater  factor  of  safety  than  is  allowed  for  a  similar  metallic  member. 

4.  It  is  necessary  to  take  into  account  the  effects  which  may  be  produced  in  a  struc- 
ture due  to  dynamical  stresses  and  vibrations.  As  far  as  the  first  of  these  is  concerned, 
hooped  concrete  has  an  immense  advantage  over  metal  in  consequence  of  its  relative 
weight,  under  compressive  stresses  of  about  1,280  pounds  per  square  inch.  The  advan- 
tage diminishes  as  the  unit  stresses  increase,  but  the  relative  resistance  is  never  in  favour 
of  the  metal  structure,  since  the  weight  of  the  concrete  will  probably  always  be  in  excess 
of  that  of  the  metal. 

As  regards  the  resistance  to  vibrations,  M.  Consid^re  mentions  the  case  of  the  sleepers 
of  reinforced  concrete  on  the  Dreux  line,  which  have  been  subjected  to  the  passage  of 
trains  for  five  years,  and  have  retained  all  their  qualities.  He  also  mentions  the  frequent 
use  of  reinforced  concrete,  with  complete  success,  for  the  foundations  for  heavy  machinery 
and  the  supports  for  shafting,  which  are  subjected  to  very  great  and  incessant  vibrations. 

5.  In  the  determination  of  the  factor  of  safety,  it  is  especially  necessary  to  take  into 
account  the  effects  of  climatic  conditions  on  the  proposed  structure.  As  far  as  these 
effects  are  concerned,  it  is  weU  known  that  the  metal  in  reinforced  concrete  structures  is 
absolutely  protected  from  rusting,  a  deterioration  which  must  be  particularly  provided 
for  in  the  calculations  for  metallic  structures. 

Taking  all  matters  into  consideration,  M.  Gonsid^re  sees  no  reason  for  employing  a 
larger  factor  of  safety  for  hooped  CDncrete  than  for  ordinary  metallic  structures  of  a  simi-^ 
lar  nature.  The  French  regulations  of  1891  allow  the  stresses  of  12,086  and  16,352  poimds. 
per  square  inch  on  ordinary  iron  and  mild  steel  respectively  in  bridges  of  over  98-4  feet 
span.  These  figures  correspond  to  a  factor  of  safety  of  2  to  2-30  on  the  limits  of 
elasticity  of  the  two  materials. 

The  allowed  stresses  are  lower  for  small  works,  but  the  security  is  greater  in  con-. 
sequence  of  the  special  dangers  which  menace  light  structures. 

It  seems  probable  that  in  a  few  yeietrs  the  same  factors  of  safety  will  be  allowed  iot- 
hooped  concrete  as  for  metallic  structures.  And  these  may  be  accepted  at  the  present, 
time  for  tension  members  such  as  those  of  the  Pont  d'lvry,  in  which  the  reinforcements, 
were  firmly  secured  at  the  ends  and  were,  continuous  throughout  the  whole  length  of  the 
piece.  M.  Considere  considers  that  it  is  necessary  to  use  more  prudence  for  the  present 
in  the  case  of  hooped  compression  members,  and  proposes  to  limit  the  pressure  on  the 
members  with  6  per  cent,  of  spiral  and  2-5  per  cent,  of  longitudinal  reinforcement  to 
2,135  pounds  per  square  inch  on  the  total  sectional  area  of  the  piece.  This  figure  cor- 
responds to  a  factor  of  safety  greater  than  3-7,  since  the  reduced  section  on  the  Pont 
d'lvry  supported  10,223  pounds  per  square  inch  on  the  hooped  core,  which  corresponds 
to  a  pressure  of  7,820  pounds  per  square  inch  on  the  total  section  if  there  had  not  been  aUi 
excess  in  the  thickness  of  the  concrete  forming  the  casing. 

575 


REINFORCED  CONCRETE 

With  an  allowed  stress  of  2,136  pounds  per  square  inch  the  factor  of  safety  will  be  24 
with  respect  to  the  pressure  of  5,200  pounds  per  square  inch  of  the  total  section,  being 
the  stress  under  which  the  scaling  took  place  without  in  any  way  afiFecting  the  stability  Gt\ 
the  piece. 

M.  CJonsidere  is  of  the  opinion  that  according  to  circumstances,  and  particularly  tak-l 
ing  into  account  the  shghtness  of  the  members  and  the  spans  of  the  structui-es  of  which 
they  form  a  part,  one  may  vary  the  percentage  of  metal  between  2-5  and  60  per  cent*! 
for  the  spirals,  and  between  1  6  and  2-5  per  cent,  for  the  longitudinal  rods,  and  alloir| 
pressures  on  the  concrete  between  1,280  and  2,135  pounds  per  square  inch. 

The  percentage  of  metal  in  the  tension  members  will  vary  in  the  same  proportion. 

Conclusions 

M.  Considere  considers  that  the  following  conclusions  are  justified. 

1.  The  resistance  of  the  metal  when  used  as  spiral  hooping  is  at  least  2-4  times  as  great 
as  when  it  is  used  as  ordinary  longitudinal  reinforcement,  which  permits  the  attainment 
of  great  resistance  at  little  cost.  There  appears  to  be  no  further  information  requii 
in  this  direction. 

2.  The  ductility  of  hooped  concrete  makes  it  capable  of  resisting  great  deformations 
without  inconvenience,  and  consequently  it  will  easily  resist  settlements  and  secondai 
stresses. 

3.  Hooped  concrete  possesses  the  well-known  qualities  of  all  reinforced  concrete- 
great  rigidity  of  connexions,  resistance  to  shock,  rapid  extinction  of  vibrations. 

4.  The  danger  of  bad  workmanship  is  reduced  to  a  minimum  by  the  use  of  hoopedj 
concrete. 

6.  The  approach  of  failure  is  announced  some  time  before  it  will  take  place  by  th( 
scaling  off  of  the  outer  casing,  and  such  scaling  is  in  no  degree  detrimental  to  the  resistance.] 

6.  It  is  easy  to  add  to  the  resistance  of  a  hooped  member  in  an  existing  structure,  with- 
out  putting  it  temporarily  out  of  use,  since  this  may  be  done  by  wrapping  on  new  spirals 
drawn  iron  or  steel  wire  around  the  existing  core  and  replacing  the  outer  casing  of  concrete 

7.  The  employment  of  contiimous  bars  or  drawn  wire  of  iron  or  hard  st-eel  f( 
the  reinforcement  of  tension  pieces  gives  a  great  resistance  for  these  members  with  th( 
minimum  of  weight. 

8.  The  connexion  between  the  bars  of  the  web  bracing  with  those  of  the  main  booi 
is  perfectly  easy. 

9.  Ordinary  reinforced  or  hooped  concrete  is  always  heavier  than  framed  metallii 
construction  for  any  given  structure. 

10.  Structures  formed  of  reinforced  concrete  do  not  lend  themselves  to  launching,  noi 
to  erection  by  building  out,  and  consequently  necessitate  the  employment  of  expensive 
falsework. 

11.  Hooped  concrete  has  an  advantage  over  other  kinds  of  construction  in  res] 
to  the  cost  of  material  and  labour,  if  it  is  compared  with  pieces  capable  of  supporting  th< 
same  load. 

12.  The  durability  of  structures  formed  of  ordinary  reinforced  or  hooped  riel 
concrete  is  practically  infinite,  and  its  maintenance  a  minimum. 

The  disadvantage  (9)  may  be  reduced  in  a  great  measure  by  the  increase  of  the 
percentage  and  resistance  of  the  reinforcement. 
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Disposition  of 

THE 

Manet-Rabut  Instruments 

» 

A 

B 

0 

D 

E 

F 

G 

H 

I 

J 

K 

L 

11 

Lrongths  intercepted    between   the 
middle  of  the  fastenings  receiving 
the  Manet-Rabut  instrument  in 

metres    ..... 

0-20  0-20 

100 

100 

100 

0-20 

0-20 

0-20 

0-20 

0-20 

0-20  0-20 

lOO 

The  mean  distcmce  of  the  branch 

uniting   the    two    parts   of   the 
Manet-Rabut    instruments    with 

reference  to  the  extreme  fibre,  in 

centimetres     .... 

60 

7-6 

60 

6-2 

C-2 

5-5 

60 

60 

60 

6-5 

CO 

6-2 

— • 

Note. — The  installation  of  instrument  B  haves  something  to  b3  desired. 

The  fctstenings  were  not  in  line  with  one  another,  it  was  necessary  to  use  wedges  of  metal  to  make 
lip  tlie  disparity  euid  to  make  it  possible  to  put  the  instrument  in  position. 

The  metallic  pieces  connecting  the  two  parts  of  the  Manet-Rabut  instruments  were  protected 
Against  the  sudden  variations  of  temperature  by  means  of  a  paper  wrapping.  Thermometers  placed 
in  oontcMst  with  two  of  thesa  branches  (instruments  C  and  E)  supply  the  means  of  asoertcuning  the 
variations  of  temperature. 
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PRUSSIAN  GOVERNMENT  REGULATIONS  FOR  THE  EMPLOYMENT  OF 
REINFORCED  CONCRETE  CONSTRUCTION  IN  BUILDINGS 

« 

I.    General  Bbqulations 
A.    Examination 


(1)  A  special  examination  by  the  buildings  authority  must  precede  the  erection  of  any 
building  or  portion  of  a  building  in  reinforced  concrete.  For  this  purpose,  any  appli- 
cation for  permission  to  erect  a  building  to  be  constructed  in  whole  or  in  part  in  rein- 
forced concrete  must  be  accompanied  by  drawings,  statical  calculations,  and  descriptioDS, 
from  which  the  general  arrangement  and  all  important  details  may  be  seen. 

Should  the  building  owner  or  contractor  only  decide  during  the  progress  of  the  erec- 
tion on  the  form  of  construction  to  be  adopted,  the  building  authority  must  demand 
the  production  of  the  above  data. 

(2)  The  origin  and  nature  of  the  materials  to  be  employed  in  the  preparation  of  the 
concrete,  and  the  proportions  in  which  they  are  to  be  mixed,  must  be  stated  in  the 
description. 

(3)  The  application  must  be  signed  by  the  building  owner  and  by  the  contractor 
charged  with  the  erection. 

2 

(1)  The  quality  of  the  materials  to  be  employed  in  the  preparation  of  the  concrete 
must  be  attested  by  certificates  from  an  official  testing  station.  Such  certificates  sh&D  in 
general  be  not  more  than  one  year  old. 

(2)  Only  Portland  cement  fulfilling  the  Prussian  specifications  may  be  employed 
The  certificates  as  to  quality  must  contain  statements  as  to  the  constancy  of  volume, 
time  of  setting,  and  fineness  of  grinding,  and  also  as  to  the  tensile  and  compressive  strength. 

(3)  Only  sharp  sand,  gravel,  or  other  recognized  material  of  suitable  coarseness  may 
be  employed  in  the  preparation  of  the  concrete. 

(4)  The  compressive  strength  attained  by  the  concrete  to  be  employed,  when  mixed 
in  the  prescribed  proportions,  after  28  days,  must  be  stated  in  the  description  (1,  Par.  1). 

3 

(1)  The  method  of  statical  calculation  employed  must  ensure  at  least  the  same  degree 
of  safety  as  that  calculated  by  the  rules  contained  in  section  II  of  these  regulations. 

(2)  In  methods  of  building  yet  untried,  the  building  authorities  can  make  their 
approval  dependent  on  the  results  of  previous  experimental  structures  and  test  loads. 

■ 

B.    Erection 

4 

(1)  The  building  authority  may  cause  the  quality  of  the  materials  in  course  of 
employment,  and  also  the  strength  of  the  finished  concrete,  to  be  examined  at  an  official 
testing  station,  or  in  such  other  manner  as  may  appear  desirable.    The  strength  tests 
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may  also  be  carried  out  on  the  works  by  means  of  a  testing  machine,  the  accuracy  of 
which  has  been  certified  by  an  official  testing  station. 

(2)  The  concrete  blocks  intended  for  testing  must  be  of  cubical  form,  20  or  30  cm. 
(8  or  12  inches)  edge  according  to  the  coarseness  of  the  aggregate.  The  blocks  must  be 
marked  with  the  date  of  preparation  and  stamped  for  identification,  and  preserved 
according  to  the  instructions  of  the  building  authority  until  hardened. 

(3)  The  cement  is  to  be  delivered  in  the  original  packages. 

6 

(1)  The  concrete  is  as  a  rule  to  be  mixed  by  weight. 

(2)  The  measuring  out  may,  however,  be  performed  by  means  of  gauging  boxes,  a 
separata  gauging  box  being  used  for  each  material.  Each  such  gauging  box  shall  con- 
tain, when  filled  and  struck  off  level,  the  quantity  corresponding  with  the  prescribed 
mixing  proportions,  as  determined  by  a  trustworthy  weighing  machine. 

6 

The  concrete  is  only  to  be  prepared  in  such  quantities  as  are  required  for  immediate 
use.  It  must  be  put  in  place  immediately  after  mixing  and  uniformly  rammed.  If  in 
a  plastic  state,  the  ramming  must  be  continued  at  least  until  water  appears  on  the  surface. 
In  ramming,  properly  shaped  stamps  of  appropriate  weight  must  be  used. 

7. 

(1)  Especial  care  must  be  taken  that  the  ironwork  for  reinforcement  is  correctly 
placed  and  thoroughly  coated  with  cement  mortar. 

(2)  The  concrete  is  to  be  filled  in  in  separate  layers  not  exceeding  15  cm.  (6  inches) 
in  thickness,  each  layer  being  thoroughly  rammed. 

(3)  Main  walls  must  be  commenced  and  raised  simultaneously  throughout  their  whole 
length.  Care  must  be  taken  to  make  good  connexion  with  adjoining  cross  walls.  Layers 
which  complete  a  story  must  be  finished  off  level. 

(4)  The  planking  must  possess  sufficient  resistance  to  bending  and  to  shaking  during 
ramming,  and  must  be  so  arranged  as  to  be  removable  without  danger,  the  supports  which 
it  is  necessary  to  leave  after  the  main  centering  has  been  struck,  remaining  in  place. 

(5)  AU  shaking  must  be  avoided  in  removing  the  planking  and  supports. 

8 

(1)  When  a  fresh  layer  of  concrete  is  to  be  laid  on  the  surface  of  a  recently  laid  layen 
it  is  sufficient  to  wet  the  surface  thoroughly. 

(2)  When  work  is  recommenced  on  a  layer  of  hardened  concrete,  the  old  surface 
must  be  scraped,  swept  clean,  and  wetted. 

9 

In  the  construction  of  walls  and  columns  in  buildings  of  more  than  one  story,  the 
•erection  of  those  parts  in  an  upper  story  is  not  to  be  commenced  until  the  story  below 
has  been  approved. 

10 

(1)  Work  is  not  to  be  carried  on  during  frost,  except  in  oases  in  which  the  possibility 
of  damage  by  frost  is  excluded. 

(2)  On  the  beginning  of  milder  weather  after  long  continued  frost,  work  is  only  to 
;  be  recommenced  after  the  permission  of  the  building  authority  has  been  obtained. 

11 

(1)  Until  sufficiently  hardened,  the  concrete  must  be  protected  from  the  action  of 
irost  or  from  premature  drying,  and  also  from  shaking  or  overloading. 
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(2)  The  vertical  centering  of  concrete  columns  and  the  flat  centering  of  floors  of 
1-50  metre  (5  feet)  span,  or  under  may  be  removed  not  less  than  three  days,  all  other 
centering  and  struts  not  less  than  14  days,  after  the  completion  of  the  ramming. 

(3)  Should  the  ramming  be  completed  shortly  before  the  commencement  of  frost, 
especial  care  is  to  be  taken  in  removing  the  centering  and  struts. 

(4)  Should  frost  commence  during  the  period  of  hardening,  the  periods  prescribed 
in  section  2  are  to  be  increased  by  the  duration  of  the  frost. 

12 

A  time  book  of  the  work  is  to  be  kept,  and  must  be  at  all  times  open  to  inspection  on 
the  works.  Days  of  frost  must  be  entered,  with  a  record  of  the  temperature  and  of  the 
time  of  day  at  which  it  was  measured. 

0.    Approval 
13 

(1)  When  inspected  for  approval,  portions  of  the  building  must  be  exposed,  in  posi- 
tions determined  by  the  building  authority,  so  that  the  mode  of  construction  may  be 
seen.  The  right  to  make  special  tests  to  determine  the  quality  of  the  material,  the  hardness 
attained,  and  the  strength,  is  reserved. 

(2)  Test  pieces  for  the  determination  of  the  hardness  according  to  par.  4,  sect.  2,  may 
be  taken  from  portions  of  the  finished  building. 

(3)  Should  loading  tests  be  considered  necessary,  they  are  to  be  carried  out  according 
to  the  instructions  of  the  representative  of  the  building  authority.  Due  notice  is  to  be 
given  to  the  building  owner  and  the  contractor,  and  their  attendance  invited. 

(4)  When  a  strip  cut  from  the  floor  decking  is  subjected  to  a  loading  test,  the  load 
is  to  be  uniformly  distributed  over  the  whole  strip,  and  is  not  to  exceed  the  weight  of  the 
floor  and  twice  the  working  load.  Should  such  a  strip  be  tested  without  removal  from 
the  floor,  this  load  is  to  be  increased  by  one-half.  Consequently  if  ;>  =  the  dead  load  and 
g  B  the  live  load,  the  test  load  in  the  former  case  is  p  +  2g  and  in  the  latter  1-5  p  +  3g. 

II.    RuLBS  FOB  Statical  Calculation 
A.    Dead  Load 

(1)  The  weight  of  concrete  inclusive  of  the  metal  for  reinforcement  is  to  be  taken 
as  2,400  kg.  per  cubic  metre  (150  lb.  per  cubic  foot),  unless  a  different  weight  is  definitely 
determined. 

(2)  In  the  case  of  floors,  in  addition  to  the  weight  of  the  structural  portions,  the 
weight  of  the  flooring  material  is  also  to  be  ascertained  from  accepted  data. 

B.  Determination  of  External  Forces 

(1)  In  members  subjected  to  bending,  the  moments  and  reactions  are  to  be  calculated 
by  the  formulae  for  freely  supported  or  continuous  beams,  according  to  the  mode  of 
support  and  distribution  of  load. 

(2)  For  freely  supported  decking,  the  free  opening  plus  the  depth ;  for  continuous 
decking,  the  distance  between  centres  of  supports,  is  to  be  taken  as  the  span. 

(3)  For  decking  which  is  continuous  over  several  spans,  the  bending  moment  in  the 
middle  of  a  panel  is  to  be  taken  as  four-fifths  of  that  which  would  exist  in  a  freely-sap- 
ported  panel,  unless  the  true  moments  and  reactions  can  be  ascertained  by  calculation  or 
experiment. 

(4)  The  same  rule  holds  good  for  beams,  T-beams,  and  detached  girders,  with  the 
exception,  however,  that  no  end-moment  is  to  be  taken  into  account  unless  special  strac- 
tural  arrangements  for  fixing  the  ends  securely  have  been  made.  The  span  is  to  be  taken 
as  the  free  opening  plus  the  width  of  one  support. 
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(5)  For  T-beams,  the  floor  slab  is  not  to  be  taken  into  account,  for  a  width  of  more 
than  one-third  of  the  span  of  the  beam,  or  the  distance  between  two  adjacent  beams 
whichever  may  be  the  least. 

(6)  For  columns,  the  possibility  of  eccentric  loading  is  to  be  taken  into  account. 

G.     Determination  of  Internal  Forces 

(1)  The  modulus  of  elasticity  of  steel  is  to  be  taken  as  fifteen  times  that  of  concrete, 
unless  a  different  ratio  is  ascertained. 

(2)  The  stresses  in  the  cross  section  of  members  subjected  to  bending  are  to  be 
calculated  on  the  assumption  that  the  extension  is  proportioned  to  this  distance  from 
the  neutral  axis,  and  that  the  reinforcing  metal  takes  the  whole  of  the  tensile  stresses. 

(3)  Shearing  stresses  are  to  be  ascertained,  unless  the  form  and  construction  of  the 
members  are  such  that  they  are  at  once  seen  to  be  insignificant.  When  no  means  of 
taking  them  up  are  provided  in  the  arrangement  of  the  members,  they  must  be  taken  up 
by  suitably  shaped  steel  reinforcement. 

(4)  So  far  as  possible,  the  steel  for  reinforcement  is  to  be  of  such  form  that  displace- 
ment relatively  to  the  concrete  is  prevented  by  its  form.  Where  this  is  not  the  case  the 
adhesive  stresses  must  be  calculated. 

(5)  Calculations  of  the  flexure  of  colunms  are  to  be  made  whenever  the  height  exceeds 
eighteen  times  the  least  diameter.  Transverse  connexions,  so  arranged  as  to  maintain 
the  steel  rods  in  their  relative  positions,  are  to  be  fixed  at  a  distance  from  each  other 
not  exceeding  thirty  times  the  diameter  of  the  rods. 

(6)  Euler's  formula  is  to  be  used  in  calculating  the  flexure  of  columns. 

D.  Permissible  Stresses 

(1)  In  members  subjected  to  bending,  the  compressive  stress  in  the  concrete  shall 
not  exceed  one-fifth  of  its  ultimate  compressive  strength ;  the  tensile  and  compressive 
stresses  in  the  steel  shall  not  exceed  1,200  kg.  per  square  cm.  (17,064  lb.  per  square  inch). 

The  following  values  of  the  loads  are  to  be  assumed. 

a.  For  parts  of  structures  subjected  to  moderate  shaking,  as  floors  of  dwelling-houses, 
offices,  and  shops  :   the  actual  live  and  dead  loads. 

b.  For  parts  of  structures  subjected  to  considerable  shaking  or  to  greatly  varying 
loads,  as  floors  of  public  halls,  dancing  rooms,  factories  or  warehouses  ;  the  actual  dead 
load  and  50  per  cent,  over  the  live  load. 

c.  For  parts  subjected  to  heavy  shocks,  as  roofs  of  vaults  underneath  passage  ways 
and  courtyards  ;  the  actual  dead  load  plus  twice  the  live  load. 

(2)  In  columns,  the  concrete  is  not  to  be  stressed  beyond  one-tenth  ^  of  its  ultimate 
compressive  strength.  In  calculating  the  steel  reinforcement  for  flexure,  a  factor  of 
safety  of  6  is  to  be  allowed. 

(3)  The  shearing  stress  in  the  concrete  is  not  to  exceed  4-5  kg.  per  square  cm.  (641b. 
per  square  inch).  When  a  greater  resistance  to  shearing  is  shown,  the  working  stress 
is  not  to  exceed  one-flfth  of  the  ultimate  strength. 

(4)  The  adhesive  stress  is  not  to  exceed  the  permissible  shearing  stress. 

^  This  factor  of  safety  is  much  too  large ;  one-fifth  is  quite  sufficient. 
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TESTS  OP  THE  UNITED  STATES  GEOLOGICAL  SURVEY  DEPARTMENT  ON 

REINFORCED  CONCRETE  PIPES 

Mr.  J.  H.  Quinton,  Supervising  Engineer  of  the  Reclamation  Service  of  the  United 
States  Geological  Survey  Department,  has  made  some  very  interesting  and  instructire 
experiments  on  the  permeability  of  reinforced  concrete  pipes,  made  under  working 
conditions. 

Eight  of  the  pipes  tested  were  6  feet  internal  diameter,  the  remainder  were  small 
pipes  of  8  inches  diameter.     Various  mixtures  were  used  for  the  concrete 

The  large  pipes  were  tested  with  various  waterproof  plasters  and  paints  with  the 
object  of  obtaining  information  as  to  their  reliability  in  actual  service.  The  effect  of 
soap  and  alum  in  the  water  was  also  tried. 

The  following  Table  gives  the  various  mixtures  used  for  seven  of  the  large  pipes— 


TABLE 
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Lime  used  as 
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6 

1 

1 

4 

8 

1 

7 

1 

i 

3 

6 

not 

Lime  used  as 

1 

measured 

paste 

The  thickness  of  the  pipe  shells  was  6  inches,  and  the  length  of  the  pipes  was  20  feet 
in  every  case. 

The  reinforcements  for  pipes  1  to  6  inclusive  consisted  of  71  welded  rings  of  }  inch 
diameter  steel  and  8  longitudinal  rods  ^  inch  diameter,  the  reinforcement  being  placed 
at  the  centre  of  the  thickness. 

Pipe  No.  7  had  41  welded  rings  of  ^  inch  diameter  steel  and  8  longitudinal  rods  \ 
inch  diameter,  the  reinforcement  being  placed  1}  inches  from  the  inside  of  the  shell. 

The  method  employed  in  constructing  the  pipes  may  be  briefly  described  as  follows. 

Nine  rectangular  frames  of  4  x  6  inch  rough  pine  lumber  are  first  set  up  on  the 
line  of  the  pipe,  about  2J  feet  from  centre  to  centre.  These  frames  are  about  7  feet  in 
width  inside  and  8  feet  in  height. 

The  sills  of  these  frames  are  cut  out  to  the  form  of  the  lower  seventh  of  the  outside 
surface  of  the  pipe,  and  are  sunk  into  the  ground  until  the  upper  ends  of  the  arcs  are 
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even  with  the  aurfaoe  of  the  ground.  The  framee  ore  then  Bte&died  and  braced  in 
their  true  line,  and  the  material  of  the  ground  surface  is  removed  to  the  form  of  the  lower 
port  of  the  outside  surface  of  the  pipe,  as  indicated  by  the  buried  sills. 

Tarred  paper  is  now  laid  over  this  surface  to  prevent  undue  absorption  of  moisture 
from  the  cement  by  the  earth  or  by  dry  material. 


Fio.  671 
Obtained  from  U.S.  Geological  Survey. 

A  long  sill  is  then  laid  on  top  of  the  frames  on  centre  line,  as  shown  in  Fig.  572,  and 
from  this  the  steel  armour  is  suspended  and  held  in  place  by  a  few  small  blocks,  which  are 
removed  as  the  concrete  work  reaches  them.    The  wooden  form  for  the  inside  surface  of 


Fid.  672 
Obtained  from  U.S.  0«ological  Survey. 
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the  pipe  is  now  placed  inside  the  pipe  in  four  sections  and  nailed  together  with  inteisecting 
chord  pieces  to  form  the  upper  six-sevenths  of  the  5  foot  circle.  This  form  is  then 
supported  inside,  in  its  true  position,  by  two  pieces  of  2  x  12  inch  plank  the  full  length 
of  the  pipe  and  extending  beyond  it  at  the  ends.  These  planks  are  supported  on  two 
vertical  pieces  of  2  x  8  inch  tunber  notched  and  held  in  place  by  spiking  to  the  end  frames. 

This  arrangement  is  shown  in  Fig.  571,  which  shows  the  inside  form  and  steel  armour 
all  ready  for  commencing  the  concrete  work. 

The  first  batch  of  concrete  is  laid  on  the  tarred  paper  on  the  surface  of  the  ground. 
This  concrete  has  to  be  carried  in  buckets,  and  deposited  quickly,  and  tamped  through 
and  under  the  steel  armour  for  the  full  length  of  the  pipe.  Special  tampers  are  made  to 
fit  between  the  rings,  and  care  is  taken  to  keep  the  rings  in  their  proper  position  until  they 
are  thoroughly  covered  with  concrete.  A  wooden  templet  of  the  shape  of  the  inside  of  the 
pipe  is  fixed  at  each  end  to  guide  the  workmen  in  shaping  the  inside  surface  of  the  lover 
one-seventh  of  the  pipe.    This  templet  is  plainly  seen  in  front  of  Fig.  571 ;  the  workman's 


Fio.  673 

Diagrammatic  section  of  pipe  showing  directions  of  tamping. 


Obtained  from  U.S.  Geological  Survey. 


trowel  is  pointing  directly  to  it.  The  two  lower  sections  of  the  outside  form  are  also  in 
place,  so  that  as  soon  as  the  inside  seventh  of  the  pipe  is  completed  the  concrete  can  be 
run  in  and  tamped  from  the  outside,  and  the  work  of  laying  it  can  be  carried  on  continu- 
ously until  the  pipe  is  completed. 

When  the  concrete  has  reached  the  top  of  these  sections,  another  section  of  the  out- 
side form  is  added  on  each  side,  and  so  on  until  the  upper  part  of  the  pipe  is  reached, 
where  there  is  no  longer  any  necessity  for  an  outside  form.  The  sections  of  the  outside 
form  are  seen  piled  up  in  the  foreground  of  Fig.  572,  and  the  method  of  fastening  them 
to  the  outside  frames  is  shown  clearly  in  Fig.  671. 

The  lower  seventh  of  the  pipe  is  tamped  from  the  inside  of  the  pipe  in  the  direction 
of  the  pressure,  and  the  upper  eighth  of  the  pipe  is  tamped  from  the  outside  in  a  direction 
opposite  to  that  of  the  pressure.  The  remainder  of  the  pipe  (marked  ^,  ^,  in  Fig.  673)  is 
tamped  in  a  direction  normal  to  that  of  the  pressure,  or  in  what  may  be  called  a  '*  cir- 
cumferential direction." 

The  experiments  show  a  marked  difference  in  the  degree  of  permeability  of  the 
concrete  when  tamped  in  these  different  directions. 

All  of  the  pipes  were  made  on  the  same  spot,  and  when  hard  enough  were  rolled 
over  to  left  and  right  alternately,  to  give  room  for  the  construction  of  the  next  pipe. 

Each  pipe  was  kept  wet,  both  inside  and  outside,  for  at  least  one  week  after  com- 
pletion, and  the  last  tliree  pipes  were,  in  addition,  covered  with  canvas  to  protect  them 
from  the  ra3rs  of  the  sun. 

The  concrete  was  all  mixed  by  hand  in  the  following  way : 
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In  the  case  of  sand,  cement,  and  gravel,  the  aand  and  oement,  after  loose  measure- 
ment in  boxee,  was  first  shovelled  over  three  times  dry  ;  the  gravel  was  then  added  and  the 
entire  mass  turned  over  twice  dry  and  three  times  wet,  the  last  time  with  a  hoe.  It  was 
then  shovelled  into  buckets  and  wheelbarrows  and  laid  in  the  pipe,  where  it  was  thoroughly 
tamped.  The  buckets  were  used  for  the  lower  seventh  uf  the  pipe ;  the  wheelbarrows 
were  used  for  the  sides  and  top  of  the  pipe. 

In  the  case  of  sand,  oement,  gravel,  and  lime  paste  (pipe  Ko.  5)  the  paste  was  meas- 
ured in  hoses  in  the  same  way  as  the  other  materials,  and  the  mass  mixed  just  as  before  ; 
but  in  the  case  of  pipes  Nos.  6  and  7  the  lime  paste  was  mixed  with  the  water,  and  thn 
lime  water  was  used  for  wetting  down  the  concrete  during  the  procees  of  mixing. 

The  work  was  all  done  in  a  careful  and  painstaking  manner,  as  nearly  as  possible  in 
the  way  in  which  it  would  be  done  on  any  ordinary  piece  of  work  in  the  field,  under  careful 
supervision  and  inspection.  The  first  pipe  of  this  series  was  completed  on  August  29, 
1903,  and  the  last  pipe.  No.  7,  was  completed  on  October  17,  1903.  In  the  meantime 
all  of  the  finished  pipes  were  kept  well  wet,  both  inside  and  outside,  so  that  they  were 
thoroughly  seasoned  when  the  rests  were  commenced. 

The  pipes  were  all  carefully  squared  up,  and  true  planes  were  made  at  the  ends  with 
mortar  composed  of  one  part  cement  to  one  part  sand,  with  a  small  quantity  of  lime  paste 
to  retard  setting.  This  was  done  to  make  as  perfect  a  joint  as  possible  between  the 
oast-iron  ends  used  m  testing  and  the  pipe  itself. 

The  pipes  were  tested  under  pressure  from  the  town  mains,  blank  fianges  being 
placed  on  the  ends  and  held  by  bolts  passing  through  from  one  to  the  other,  1^  inch  diameter 
rubber  rings  being  placed  between  the  Ganges  and  the  ends  of  the  pipes.  Under  high 
pressures  the  rubber  rings  were  forced  out,  and  to  prevent  leakage  a  1  x  i  inch  steel  ring  was 
placed  outside  the  rubber  to  keep  it  in  place. 

Fig.  674  shows  a  pipe  ready  for  testing.    Several  of  the  coatings  used  were  si>ecial 


Fio.  &74 
Obtained  from  U.S.  Geological  Survey. 

trade  compositions  and  paints,  others  were  of  ordinary  renderings  mixed  with  slaked  lime, 
soap  and  alum,  iron  filings  and  sal  ammoniac  or  clay. 

The  mortar  of  1  of  cement  to  1  of  fine  clay  was  only  tried  onoe  and  was  found  to  be 

585 


REINFORCED  CONCRETE 


of  no  use,  since  it  checked  badly  in  setting.   Several  tests  were  made  on  each  pipe,  but  only 
some  of  these  will  be  given  in  detail. 

Pipe  No.  1 
Plaster  Linings 

On  October  19,  1903,  this  pipe  was  covered  on  the  inside  with  J  inch  of  plaster.  Four 
plasters  were  used,  the  section  covered  by  each  plaster  being  6  feet  in  length. 

Plaster  No.  1  was  composed  of  1  part  cement  to  1  part  fine  sand. 

Plaster  No.  2  was  composed  of  1  part  cement  and  1  part  fine  sand,  mixed  with  alum 
and  soap  mixture — alum,  1  per  cent,  by  weight  of  cement  and  sand  ;  soap,  1  per  cent,  by 
weight  of  water. 

Plaster  No.  3  was  composed  of  1  part  lime,  2  parts  cement,  and  6  parts  sand. 

Plaster  No.  4  was  composed  of  J  part  lime,  1  part  cement,  and  3i  parts  &ae  sand. 

The  plasters  were  kept  well  wet  for  several  days  after  completion,  and  the  test  of  the 
pipe  was  not  made  until  February  26,  1904. 

The  results  of  one  of  the  tests  of  pipe  No.  1  are  shown  in  the  following  table — 

TABLE  XCIV 
No  steel  ring  to  retain  rubber  gcisket 


Date 


Feb.  26 


Hour 


Pressure     I 


Obaervations 


9.08  a.m. 
12.58  p.m. 
12.60  p.m. 


lbs. 

0 

0 
15 


Later 


23 


Feb.  27 


Feb.  28 


Feb.  29 


1.30  p.m. 
3.0  p.m. 
3.20  p.m. 
4.45  p.m. 
5.0     p.m. 

8.0  a.m. 
2.0  p.m. 


20 

24-5 
25-5 


25 


11.30  p.m. 

8.0  a.m. 
9.0  a.m. 


15 


14-5 


Water  turned  into  pipe 

Pipe  full 

Leakage  began.  Especially  strong  along  a  longi- 
tudinal seam,  'hereinafter  designated  as  a> 
"  tamping  seam,"  caused  by  necessary  delay 
in  adjustment  of  form 

Gauge  stationary  ;  inflow  counterbalanced  by 
leakage.  South  side  (most  exposed  to  sun)  is 
porous  and  leaks  badly.  No  leakage  from  top 
section,  which  was  tamped  without  form 

Leakcige  on  north  side  decreased  fully  20  per  cent. 

Decrease  of  75  per  cent,  in  entire  leakage 

No  leakage  in  top  section.  Pressure  turned  off 
for  night 

Only  20  per  cent,  of  initial  lecUkage  persists 

Top  section  shows  Uttle  mc  'stxire  only.  North 
side,  leakage  almost  ceased.  South  side,  leak- 
age decreasing  ;  laitance  appearing 

Pressure  continued  all  night 

Gcksket  blown  out  causing  small  leak 

Pipe  leaking  on  south  side  only 

Pressiu'e  continued  all  night 

Not  leaking  appreciably  except  at  gasket.  Lait- 
ance oozed  out,  nearly  stopping  holes  in  pipe 

Pipe  emptied  to  repair  gasket 


On  examination  of  the  interior  after  the  test,  a  hair  crack  was  visible  extending  through 
all  the  linings,  which  was  probably  due  to  a  slight  yielding  of  the  concrete  before  the  rein- 
forcement took  up  the  strain. 

The  mixture  used  for  this  pipe  included  large  material  as  well  as  fine,  and  it  is  probable 
that  the  interstices  were  not  properly  filled. 
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Pipe  No.  2 
Plaster  Linings 

This  pipe  waa  covered  on  the  inside  October  20,  1903,  with  a  ^-inch  coat  of  two 
different  plasters,  the  section  covered  by  each  plaster  being  10  feet  in  length. 

Plaster  No.  1  at  the  east  end  was  composed  of  1  part  cement  and  3  parts  sand,  loose 
measurement. 

Plaster  No.  2  at  the  west  end  was  composed  of  1  part  cement,  i  part  lime,  and  4^ 
parts  sand,  loose  measurement. 

The  results  of  one  of  the  tests  of  pipe  No.  2  are  as  follows — 

TABLE  XCV 


Date 

Hour 

Pressure 

Observations 

lbs. 

Mar.  2 

6.0  p.m. 

0 

Water  turned  into  pipe 

8.10 

p.m. 

Pipe  three-fourths  full.  Slight  sweating  on  lower 
part  of  north  side  of  east  half  and  on  south  side 
of  west  half.     Gaskets  and  rod  washers  tight 

9.40 

p.m. 

— 

Pipe  full  and  air  vent  closed 

9.43 

p.m. 

30 

9.45 

p.m. 

32-5 

Leakage  in  streaks  on  both  sides,  most  on  south,, 
none  on  top 

9.55 

p.m. 

33-5 

Leakage  worst  on  south  side  but  less  than  in  test 
1,  laitance  and  lime  particles  having  closed  some 
of  the  pores  of  the  pipe.  Water  spurts  to  a 
distcmee  of  4  feet  from  large  pinhole  near  top 
on  west  end 

10.10 

p.m. 

34 

Pressure  shut  off  for  night 

Mar.  3 

7.40 

a.m. 

— 

Pipe  sweating  and  dripping  at  numerous  points* 
mostly  near  east  end.     Water  turned  into  pipe 

7.48 

a.m. 

— 

Pipe  full. 

7.49 

a.m. 

25 

- 

8.0 

a.m.. 

32 

Leakage  free  on  south  side.  At  east  end  on  south 
side  there  is  a  junction  of  the  bottom  and  next 
section  above.  Water  still  spouts  4  feet  from 
large  pinhole 

8.55 

a.m. 

32-76 

10.0  a.m. 

34-5 

11.0  a.m. 

35 

11.15 

a.m. 

35 

11.15 

a.m. 

36 

Leakage  measured  on  weir  shows  about  3  gallona 

to 

to 

per  minute,  or  eighteen  times  as  much  as  when 

4.45 

p.m. 

3C-5 

pipe  is  full  but  under  no  pressure 

4.45 

p.m. 

15 

Pressure  reduced  to  16  pounds  for  the  night 

5.0  p.m. 

16 

Leakage  measured  on  weir  one  half  gallon  per  min- 

ute, showing  that  pores  had  filled  up  somewhat 

during  day,  as  it  had  leaked  0-167  per  minute 

during  previous  night,  when  under  no  pressure 

Mar.  4 

7.45 

a.m. 

19 

Increcuse  in  pressure  due  to  increc»e  in  city  mains. 
Pipe  sweating  freely,  0-36  gallon  per  minute. 
Full  city  pressure  turned  on 

7.46 

a.m. 

30 

7.49 

a.m. 

35 

8.30 

a.m. 

35 

Weir  indicated  leakage  of  2*25  gallons  per  minute,, 
a  sensible  decrecwe  from  day  previous 

9.30 

a.m. 

36-5 

One-inch  weir  substituted  for  2-inch  weir.  Shows 
leakage  of  2  gallons  per  minute.  Greater  part 
leakage  at  one  spot  near  bottom  of  pipe  at  east 
end. 

10.15 

a.m. 

~^ 

Pipe  emptied  and  examined 
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On  examination  of  the  interior  after  the  test  the  sand-cement  plaster  lining  contained 
a  network  of  hair  cracks,  while  the  lime-cement  plaster  showed  hardly  any. 

Both  sides  of  the  pipe  were  thickly  covered  with  laitanoe  (a  French  term  applied  to 
the  pulpy,  gelatinous  fluid  of  milky  appearance).  After  the  above  test  this  pipe  iras 
washed  on  the  inside  of  one  half  with  two  coats  of  pure  cement  and  on  the  west  half 
with  two  coats  of  a  soap  and  alum  mixture  known  as  "  Sylvester  wa^h "  as  recom- 
mended in  Tranhoine'a  Pocket  Book,  p.  672. 

The  results  of  the  tests  were  as  follows — 

TABLE  XCVI 


Date 

Hour 

Preomire 

Observations 

lbs. 

Mar.  17 

7.30     a.m. 

32 

No  leakcige  below  this  pressure 

35 

Leckkage  1  gallon  per  minute 
Top  section  of  the  pipe  shows  moisture  only  in 
spots  over  about  one-third  of  its  area 

9.0  a.m. 

36^ 

LecJcage  1  gallon  per  minute 

10.0  a.m. 

37 

Do. 

1.0  p.m. 

39 

Do. 

3.0  p.m. 

38 

Do. 
Considerable  laitanoe  formed  on  upper  half  of 
pipe.     Leakage  more  of  a  gener^  sweat  aad 
less  flowing  streams 

5.0  p.m. 

38 

LecJcage  about  1  gallon  per  minute.     Full  city 
pressure  left  on  all  night 

Mar.  18 

8.0  a.m. 

35 

Leakage  2^  gallons  per  minute  ;  caused  probably 
by  opening  of  new  pmholee  or  seeuns  as  result 
of  extra-heavy  pressure  on  city  mains  devel- 
oped during  the  night 

8.30  a.m. 

0 

Pipe  allowed  to  remain  full  all  day  and  during 
night 

Mar.  19 

8.0  a.m. 

22 

Full  city  pressure  turned  on.     No  leakage,  except 
at  one  spot  in  bottom  ;    apparently  a  serious 
imperfection  in  pipe 

8.16  a.m.. 

24 

Seepage  on  surface  of  pipe 

9.0     a.m. 

35 

Sweat  is  more  general,  but  not  as  much  as  on 
Mar.  17 

Pipe  No.  3 

The  composition  of  this  pipe  was  decided  upon  in  order  to  test  a  pipe  constructed 
of  waterproof  material  and  no  plaster  coating  was  used  inside. 

TABLE  XCVII 


Date 

Hour 

1 

Pressure 

Observations 

Mar.  7 

4.0 

p.m. 

lb. 

0 

Water  turned  into  pipe 

6.0 

p.m. 

0 

Leakage  commenced  on  south  construction  side  of 
pipe  ;  in  general,  much  less  leakage  than  in 
pipes  Nos.  1,  2  and  4,  as  filling  proceeds 

7.45 

p.m. 

0 

Leakages  from  pinholes  in  tamping  seams  at  bot- 
tom are  more  numerous  than  elsewhere 

9.15 

p.m. 

4 

Pipe  full  and  pressure  turned  on.  Many  pin- 
holes develop.  Leakage  exceeds  9  gallons  per 
minute.  Pipe  most  impervious  of  any  yet 
tested.     Pressure  turned  down  for  night 

Mar.  8 

9.30 

a.m. 

4 

LeeJcage  9  gallons  per  minute 

10.0 

a.m. 

6 

Leakage  about  the  same 

10.30 

a.m. 

6i 

LeeJcage  8  gallons  per  minute 

10.45 

a.m. 

7 

Do. 

11.0 

a.m. 

8 

Do. 

4.0 

p.m. 

llj 

Leakage  6  gallons  per  minute 
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After  this  test  the  pipe  was  coated  inside  on  the  east  half  with  a  mortar  half  an  inch 
thick,  composed  of  1  part  of  lime  paste,  1  part  of  iron  filings,  2  parts  of  cement,  and  6 
parts  of  sand,  all  mixed  with  water  having  iron  filings  and  sal  ammoniac  in  the  propor- 
tion of  70  pounds  of  iron  filings  and  12  ounces  of  sal  ammoniac  to  42  gallons  of  water. 
This  mortar  was  first  tried  without  lime,  but  it  was  found  very  difficult  to  make  it 
adhere  to  the  pipe.  The  lime  was  added  to  overcome  the  difficulty,  and  was  quite 
successful  for  the  purpose. 

The  toest  half  was  coated  inside  with  a  plaster  composed  of  1  of  cement,  1  of 
screened  sand,  and  one-fourth  part  of  lime  putty,  all  moistened  w^th  iron  and  sal 
ammoniac  water.  The  entire  inside  of  the  pipe  was  further  coated  with  a  wash  of 
cement  mixed  with  "  iron  "  water.    The  results  of  the  testing  were  as  follows — 


TABLE  XCVIII 


Date 


Mar.  23 


Mar.  24 


Mar.  25 


Hour 


2.55  p.m. 

3.30  p.m. 
4.0  p.m. 


4.30  p.m. 
5.0  p.m. 


8.15  p.m. 

7.30  a.m. 
7.30  a.m. 

8.0  a.m. 
0.0  a.m. 


12.0  m. 

2.0  p.m. 
4.30  p.m. 

7.30  a.m. 

7.45  a.m. 
8.15  a.m. 


PresBure 


lbs. 
25 

30 
35 

39-25 


39-25 
20 


30 

36 

38 

39-5 
40 


32 

32 
35 

34 

40 
40 


48-5 


Observations 


Pressure  turned  on.  Number  of  pinholes  north 
side  near  top  spouting 

Few  small  leaks  on  south  side  near  top 

Leakage  strong  along  two  of  the  cracks  which  were 
visible  on  inside  of  the  pipe  after  second  test. 

Leakage  1*75  gallons  per  minute.  "Leakage  on 
south  side  diminished.  No  pinholes  spouting. 
North  side,  9  or  10  pinholes  spouting.  Ninety 
per  cent,  of  all  leakage  occurs  here 

Same  leakage  as  above 

Pressure  reduced  for  the  night  to  allow  cracks  to 
close  up.  Leakage  0*75  gallon  per  minute  with 
strong  sweat  at  crcM^ks  and  no  pinholes 

Leakage  0*75  gallon  per  minute.  Strong  sweat. 
No  pinholes 

Leakage  0*25  gallon  per  minute 

Full  city  pressure.  No  perceptible  change  in 
appearance  of  pipe 

Leakage  0*25  gallon  per  minute 

A  few  pinholes  commenced  to  spout.  Pressure 
then  turned  down  to  32  pounds,  and  spouting 
ceased 

This  pressure  continued  to  ascertain  if  leaking 
seam  will  close  or  cease  to  leak  at  higher 
pressure 

Pipe  drying  fast.  Weir  shows  leakage  less  than 
0-1  gallon  per  minute 

Pipe  much  dryer 

Leiakage  so  small  as  to  be  barely  recorded.  Pipe 
dry  over  half  this  surface 

Only  sweat  in  parts  of  crack.  Weir  shows  no  per- 
ceptible leakage.     Full  city  pressure  turned  on 

No  strong  leaks  until  8.15 

Leakage  0*3  gaUon  per  minute.  Pump  started 
and  pressure  raised  to  45  pounds.  All  pin- 
holes spout  freely 

Cracks  leaked  so  much  that  pump  cannot  over- 
take leakage 


For  a  further  test  on  this  pipe  it  was  given  an  additional  coating  inside  of  1  of  cement 
and  li  of  sand,  the  plaster  being  kept  wet  for  eighteen  days  before  testing  again.  The 
results  obtained  are  given  below. 
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TABLE  XCIX 


Date 


Hour 


j      Pressure 


ObeervatioDS 


May  14 


10.30  a.m. 


11.0  a.in. 


12.0  m. 


Itfay  16 


Jiay  17 


5.0  p.m. 

8.0  a.m. 

5.0  p.m. 
8.0  a.m. 


Itfay  18 


May  19 


Jiay  20 


Ttfay  20 

liay  25 

May  26 
JMay  27 

May  28 

May  29 

June  2 


12.0    m. 
2.30  p.m. 


2.55  p.m. 

3.0  p.m. 
3.30  p.m. 

5.15  p.m. 
8.0  a.m. 


5.0  p.m. 
8.0  a.m. 

5.0  p.m. 


5.0  p.m. 


5.0  p.m. 


lbs. 
32 


37 


38 

36 
39 


39 
56 


62 


36 

38 
39 


38 
37 

38 
37 


38 

38 
38^40 

39 

39 

60 


Two  Ickrge  pinholos  near  top  on  east  end  of  norih 
side  ;   1  small  pinhole  at  west  end 

Strong  sweat  spots  on  north  side.  Small  pin- 
holes stopped  spouting 

General  sweat  on  pipe.  Leakage  0-75  gallon  pa 
minute.  Clay  stirred  constantly,  and  pressure 
allowed  to  remain  all  the  afternoon,  fluctuatLog 
between  35  and  40  pounds 

Weir  indicates  leakage  of  a  little  more  than  \ 
gallon  per  minute 

General  sweat ;  2  large  pinholes,  leaking  freely, 
Total  leakage,  ^  gallon  per  minute 

Leakage  about  same  as  in  the  morning 

Leakage  0*4  gallon  per  minute.  Considerable  lait- 
ance  has  formed  on  outside  of  the  pipe.  M 
finger  is  run  along  full  length  of  pipe  sweat 
seems  to  break  and  does  not  show  any  flow  ex- 
cept on  north  side,  where  several  leaks  are 
found.  At  place  of  leakage  thick  coat  of  iron 
oxide  deposited  on  outside  of  pipe.  Clay  coor 
stantly  stirred  during  forenoon 

Leakage  0*35  gallon  per  minute 

Pump  attached.  I^essure  maintained  for  25 
minutes.  Leakage  of  1  gallon  per  minute. 
Leakage  along  upper  seam  on  north  side. 
Strong  sweat  on  south  side 

Pressure  raised  by  fast  pimiping  and  help  for  12 
minutes.  Leakage  2  gallons  per  minute.  Ten 
per  cent,  from  bolt  holes  and  gaskets 

Pressure  allowed  to  fall  to  that  in  city  mains  and 
maintained  there  for  remcunder  of  day 

Leakage  0*75  gallon  per  minute.  This  would 
indicate  that  the  pores  of  the  pipe  had  been 
opened  by  great  pressure 

Slight  reduction  in  leakage.  Pipe  is  left  under 
city  pressure  all  night 

Leakage  0*5  gallon  per  minute.  Pores  apparentlf 
closing  up.  Pressure  kept  on  all  day ;  clay 
agitated 

Slightly  reduced  leakage.     Pressure  left  on  all  night 

Leakage  0-35  gallon  per  minute.     Pipe  under  ci^ 
pressure  all  day  [pressure  all  ni^t 

Leakage  0*35  gallon  per  minute.     Pipe  under 

Leakage  0*35  gallon  per  minute.  Considerable 
laitance  and  Ume  on  the  surface.  No  leakage, 
except  at  pinholes,  where  oxide  of  iron  is  get- 
ting harder.  Pipe  under  pressure  all  night  and 
all  next  day 

Pipe  quite  dry.  Leakage  0*3  gallon  per  minute. 
Pipe  left  under  pressure  until  May  23,  when 
pressure  was  reduced  to  zero 

Leakage  0*25  gallon  per  minute.  Pipe  left  unda 
pressure  for  night  [tinued 

Leakage  0-1  gcdlon  per  minute.     Pressure  con- 
Same  leakage  ;   pressure  released  at  noon 

Pressure  again  applied  and  continued  all  night   - 

Pipe  quite  dry.  Leakage  less  them  0*1  gallon  per 
minute.     Pressure  continued 

Conditions  same  as  day  previous.  Pressure  now 
turned  off.  Pipe  fiJlowed  to  remain  full  of 
water  \intil  June  2 

Pressure  raised  by  ptmiping.  Increased  for  a  short 
time  to  65  pounds,  when  new  pinholes  blew  cot 
on  south  side.  Pressure  allowed  to  fall  to  38 
pounds  and  allowed  to  remain  there  until  June  9 
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This  pipe  was  left  under  city  pressure  from  6  p.m.,  May  14,  to  8  a.m.,  May  16.  Many 
engineers  and  practical  pipe  makers  assert  that  time  is  an  important  element  in  closing 
the  pores  of  a  cement  pipe.  This  was  considered  an  excellent  opportunity  for  this  test, 
as  the  workmen  were  employed  in  the  yard  making  another  pipe  of  the  same  diameter  and 
thickness,  hut  in  sections  of  5  feet  each. 

June  9, 1904,  when  the  leakage  had  been  reduced  so  that  it  could  no  longer  be  measured 
through  a  weir  1  inch  wide,  the  only  leaks  visible  on  the  surface  were  from  the  two  pin- 
holes on  top,  and  the  leaks  from  them  had  been  very  much  reduced  in  the  last  few  days. 
This  pipe  had  now  been  practically  under  city  pressure  for  about  three  weeks,  and  the 
leakage  had  decreased  from  |  gallon  per  minute  to  less  than  -^  gallon  per  minute. 

This  reduction  of  leakage  might  be  due  to  the  filling  up  of  the  pores  of  the  pipe  in 
this  case  with  clay,  lime  deposits,  laitance,  or  oxide  of  iron,  or  partly  with  one  or  more 
of  these  substances. 

The  fact  that  oxide  of  iron  formed  rapidly  on  outside  of  the  pipe  only  at  the  pinholes 
does  not  necessarily  prove  that  the  sal  ammoniac  might  permeate  the  concrete  and  attack 
the  steel  rods,  but  naturally  leads  to  grave  suspicion  that  it  does  so.  An  examination  of 
the  steel  rods  when  the  pipes  are  broken  up  will  show  what  has  happened. 

Just  what  influence  the  clay  may  have  had  in  this  case  it  is  difficult  to  say,  but  another 
•experiment  will  show  what  clay  can  do  on  an  unplastered  concrete  pipe. 

Pipes  Nos.  4,  6,  and  6  were  tested  with  coatings  of  Sylvester  wash,  P.  and  B.  Water- 
proof paint,  which  is  an  asphalte  composition,  and  a  plaster  prepared  by  Mr.  C.  E.  Richards, 
of  Los  Angeles,  consisting  of  a  mixture  of  asphalte  and  either  olive  or  refined  linseed 
oil,  the  composition  being  a  trade  secret.  The  results  were  disappointing  so  far  as  the 
Sylvester  wash  was  concerned.  The  P.  and  B.  waterproof  paint  was  too  thin,  the  rough- 
ness of  the  surface  penetrating  it  in  places,  but  with  several  coats  of  this  paint  good  results 
might  have  been  obtained.  The  results  given  by  Richards'  plaster  were  fairly  satis- 
factory. 

Mr,  Quinton  sums  up  his  conclusions  on  the  value  of  these  washes  by  saying — 

It  is  quite  evident  to  the  writer  that  washes  of  any  kind,  unless  in  the  form  of  a  glaze 
or  a  soluble  glass,  are  ineffective  for  making  a  Concrete  pipe  impermeable.  Even  if  they 
were  effective  at  first,  the  coating,  being  so  thin,  would  soon  be  worn  away  by  the  high 
velocity  of  the  water,  which  is  necessary  for  economy  in  most  projects  in  the  reclama- 
tion work. 

Pipe  No.  7 

This  pipe  was  completed  on  October  17,  1903,  and  was  well  seasoned  with  water  for 
several  days  after  completion.     It  remained  undisturbed  where  it  was  made. 

On  June  13,  ld04,  about  100  pounds  of  fine  clay  were  placed  in  the  pipe  and  the 
heads  fastened  on  the  ends  of  the  pipe. 

This  pipe  was  tested  for  six  days,  and  the  closing  up  of  the  pores  by  lime  deposits 
and  clay  combined  apparently  did  not  raise  the  pressure  more  than  3  pounds.  During 
all  this  time  the  pipe  leaked  so  badly  as  to  demonstrate  its  entire  unfitness  for  practical 
purposes.  This  experiment  will  serve  to  give  an  idea  of  the  value  of  clay  for  stopping 
up  the  pores  of  concrete  under  the  pressure  of  water. 

The  eighth  pipe  was  made  in  four  lengths  connected  together  with  a  specially 
formed  joint,  as  shown  (Fig.  575).  The  object  of  this  method  of  construction  was  to  test 
the  effectiveness  of  a  pipe  where  all  the  mouldmg  and  ramming  of  each  length  could  be 
^one  at  one  time  without  pause,  thus  obviating  the  necessity  for  tamping  seams. 

The  composition  of  the  sections  of  this  pipe  was  as  follows — 

Section  1  was  composed  of  cement,  4  cubic  feet ;  marble  dust,  1  cubic  foot ;  fine  sand, 
3  cubic  feet ;  gravel,  20  cubic  feet ;  or  1  part  cement,  1  part  sand,  and  5  parts  gravel. 
The  cement  and  marble  dust  were  mixed  through  a  fine  screen,  then  mixed  with  the 
gravel  and  sand  and  turned  six  times  dry,  then  turned  four  times  wet.  The  concrete 
was  80  made  that  water  came  to  surface  after  long  tamping. 

591 


REINFORCED  CONCRETE 


TABLE  CC 


Date 

Hour 

Pressure 

Obaervations 

lbs. 

June  13 

3.30  p.m. 

Water  turned  in 

5.0  p.m. 

2 

Pipe  commenced  to  leak  on  bottom.  Inflow  re- 
duced to  allow  the  pipe  to  fill  slowly  during  the 
night 

June  14 

8.0  a.m. 

■ 

Pipe  leaking  badly.  Leakage  very  muddy  from 
stirring  up  of  clay.     Clay  stirred  all  day 

4.45  p.m. 

— 

Pipe  fuU  and  leaking  like  a  sieve 

June  15 

8.0  a.m. 

— 

No  change 

5.0  p.m. 

— 

Water  turned    off  ;  clay  stirred 

June  16 

8.0  a.m. 

^■^~ 

Water  turned  on ;  3  hours  required  to  fill  pipe, 
showing  amount  of  leakage  during  night 

11.0  a.m. 

2 

Pores  closed  up  somewhat 

2.0  p.m. 

0 

No  pressure.     Increased  leakage 

5.0  p.m. 

Water  turned  off  for  night 

June  17 

8.0  a.m. 

— 

Water  turned  on 

10.40  p.m. 

^^ 

Pipe  full,  showing  less  leakage  than  on  prenoiu 
night 

10.40  p.m. 

4 

10.45  p.m. 

3 

Remained  at  this  pressure  all  day.  Clay  stirred 
constantly.     Pressure  left  on  all  night 

June  18 

8.0  a.m. 

3 

Considerable  laitance.  Number  of  clay  streaks 
on  outside  of  pipe 

3.30  p.m. 

^~~ 

Pipe  emptied 

Section  2  was  composed  of  cement,  4  cubic  feet ;   marble  dust,  1  cubic  foot ;  sand, 

3  cubic  feet ;  gravel,  20  cubic  feet ;  lime  putty,  3  gallons.  The  cement  and  marble  dost 
were  mixed  as  in  section  1.  Lime  putty,  passed  through  fine  screens  and  dissolved  in  12 
gallons  of  water,  was  added  during  wet  mixing.  The  material  was  mixed  the  same  number 
of  times  as  that  for  section  1,  but  it  was  made  wetter. 

Section  3  had  the  same  composition  as  section  2,  except  that  to  lime  putty  was  added 
an  equal  amount  of  Richards'  putty. 

Section  4  was  composed  of  cement,  4  cubic  feet ;   marble  dust,  2  cubic  feet ;  sand, 

4  cubic  feet ;  gravel,  20  cubic  feet — ^well  screened  and  mixed.  The  material  was  diy 
mixed  four  times,  wet  mixed  three  times  ;  12  gallons  of  lime  putty  diluted  in  24  gallmis 
of  water  were  added  for  wet  mix. 

All  of  these  joints  were  made  by  continuous  tamping,  and  every  possible  care  was 
exercised  to  produce  a  good  piece  of  work.  They  were  all  well  seasoned  by  constant  wet- 
ting and  protected  from  the  rays  of  the  sun.  The  sections  were  made  with  a  projecting 
bead  at  one  end  and  a  corresponding  groove  at  the  other  end,  so  that  the  bead  on  one  section 
would  fit  into  the  groove  on  the  next  section.  In  addition  to  this  arrangement,  a  semi- 
circular trench  about  1  inch  in  diameter  was  left  in  the  bead  at  one  end,  and  another  in 
the  groove  at  the  other  end,  so  that  when  two  sections  are  placed  together  these  two 
semicircular  trenches  will  form  one  circular  opening  1  inch  in  diameter  running  clear 
around  each  joint.  When  the  sections  are  pulled  tightly  together  this  opening  can  be 
filled  up  with  cement  grout  or  with  any  fluid  material  which  may  be  decided  upon  aa 
adding  to  the  impermeability  of  the  joint. 

Fig.  575  shows  the  arrangement  of  sections  before  joints  are  closed.  These  sections 
were  made  with  the  intention  of  having  six  longitudinal  steel  rods  run  through  them, 
to  be  fastened  with  sleeve  nuts  joining  the  ends  of  these  rods  in  adjacent  sections,  laii^ 
niches  being  left  on  the  inside  of  the  pipe  at  each  joint  where  the  sleeve  nuts  could  be 
tightened.    This  arrangement  would  not  work  satisfactorily  and  was  abandoned  for  a 
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much  Binipler  one.  llirough  each  section  of  pipe  ia  nin  lengthwise  six  pieces  of  |  inch 
gas  pipe,  which  serve  as  guides  for  the  rings  of  steel,  to  which  they  may  be  fastened  with 
copper  wire.  The  sections  being  all  made  on  one  form,  these  pipes  can  be  kept  so  closely 
to  their  proper  position  that  there  is  no  difhculty  in  running  a  piece  of  }  inch  wire 
cable  through  them  when  the  sections  are  placed  in  position  for  jomting. 

The  sections  are  laid  as  closely  together  as  may  be  necessary  to  allow  the  mortar  for 
the  joint  to  be  put  in  place  between  them,  and  are  then  drawn  tc^ether  by  fastening 
cables  through  a  wooden  frame  at  one  end  of  the  sections  to  be  joined,  and  tightening 


Fio.  575 
Obtained  trom  U.S.  Geological  Survey. 


Op  at  the  other  end  by  a  jackscrew  working  between  two  wooden  frames,  one  of  which  rests 
against  the  last  section,  the  other  having  the  ends  of  the  cables  fastened  to  it  with  clamps, 
which  can  be  readily  removed  when  the  joints  are  well  closed.  In  the  case  of  pipe  No. 
8,  four  sections  were  tightened  up  at  the  same  time,  and  there  was  no  difhculty  in  bring- 
ing the  sections  together  with  this  length  of  pipe  (20  feet).  By  this  method  it  would  be 
necessary  to  have  at  the  end  of  each  20  feet,  or  whatever  length  proved  practicable  for 
tightening,  a  special  screw-end  rod  connexion  for  the  cables,  about  2  feet  long,  so  that  the 
cable  for  the  next  length  of  pipe  might  be  easily  connected  with  that  already  tightened. 
It  is  most  important  that  the  ends  of  the  sections  should  be  made  square  with  the  longi-  • 
(udinal  axis  of  the  pipe. 

On  July  28,  1904,  this  pipe,  composed  of  four  sections,  was  filled  with  water  at  11.30 
a.m.  During  the  filling  section  3  showed  a  little  sweating  near  the  bottom,  caused  prob- 
ably by  a  small  crack  made  while  this  section  was  being  rolled  to  its  proper  place,  and  all 
the  joints  showed  a  little  moisture  through  the  openings  that  run  round  the  joints  and 
that  were  recently  filled  with  grout.  This  grout  was  composed  of  1  part  cement,  ^ 
part  marble  dust,  and  1  part  sand.  The  joints  and  niches  inside  were  all  filled  with 
Richards'  mortar.  When  the  air  pipe  was  closed  the  pressure  rose  to  16  pounds. 
Section  1  showed  a  slight  sweat  in  a  short  time,  but  no  pinholes,  and  it  was  fully  half 
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an  hour  before  it  became  moist  over  most  of  its  surfchce.    In  one  hour  it  was  sweating 
all  over. 

Section  2  gave  about  the  same  results  as  section  1  until  the  pressure  had  been  on 
for  ten  minutes,  when  it  cracked  in  three  places  at  the  south  end  for  a  distance  of  about 
1  foot,  and  the  water  leaked  out  so  fast  that  the  pressure  would  not  go  above  20  pounds. 
In  one  hour  the  whole  surface  was  sweaty.  Section  3  showed  sweat  developing  soon 
after  the  pressure  was  turned  on,  and  in  fifteen  minutes  had  a  general  sweat  that  at  19 
pounds  increased  to  a  strong  drip. 

Section  4  showed  absolutely  no  leakage  or  sweat  for  half  an  hour  after  being  filled, 
then  a  slight  sweat  started  on  the  top,  and  in  one  hour  this  sweat  had  spread  over  about 
one-fourth  of  its  surface.    This  section  was  made  with  Ideal  cement. 

All  the  joints  sweated  a  little  through  the  pockets  where  the  grouting  was  yet  fresh 
and  slightly  checked,  but  at  no  part  of  the  joints  did  the  leakage  amount  to  a  flow. 

At  2  p.m.  there  was  not  much  change  except  that  sections  1,  2,  and  3  were  entirely 
covered  with  laitance  under  a  uniform  pressure  of  18  pounds.  Section  4  showed  a  slight 
increase  of  sweat  but  no  laitance  except  close  to  the  joints,  where  there  was  a  strong 
sweat  through  the  pockets. 

At  4  p.m.  conditions  were  not  materially  changed. 

At  5  p.m.  the  pressure  was  reduced  to  8  pounds,  and  the  pipe  was  left  under  that 
pressure  all  night. 

On  July  29,  at  8  a.m.,  the  gauge  registered  10  pounds,  and  as  sodu  as  full  pressure 
was  turned  on  it  rose  to  20  pounds  and  remained  at  that  for  several  hours,  when  it  dropped 
to  18  pounds.  There  was  no  change  in  sections  1,  2,  and  3,  while  section  4  showed 
a  sUght  sweat  over  three-fourths  of  its  surface  and  no  laitance  except  at  the  joints. 
Sections  1  and  2  showed  considerably  more  laitance  than  section  3. 

City  pressure  was  kept  on  full,  and  at  5  p.m.  no  material  change  was  apparent  in  the 
pipes,  except  that  section  3  did  not  seem  to  drip  as  much  as  at  first.  Section  4  still  had 
one  large  dry  space  on  each  side.  The  pressure  varied  all  day  from  17  to  19  pounds. 
At  5  p.m.  the  pressure  was  closed  down  for  the  night  to  10  pounds.  On  July  30,  at  8  a.m., 
the  gauge  registered  12  pounds.  When  pressure  was  turned  on  full  it  rose  to  18  pounds. 
Section  3  appeared  to  be  closing  up  and  section  4  had  not  materially  changed.  By  dam- 
ming up  the  flow  from  the  pipe  and  segregating  the  leakage  from  section  2,  which  was 
badly  cracked,  it  was  found  that  the  other  three  sections  leaked  nearly  2  gallons  per 
minute. 

The  water  was  then  turned  of!  and  the  pipe  examined,  and  it  was  found  that  the  cracks 
in  section  2  extended  clear  through.    They  are  supposed   to  have  been  caused  by  the 
sling  which  was  used  when  turning  the  pipes  over  on  their  sides  with  the  derrick. 
Section  3  showed  two  checks  inside  on  top,  but  they  did  not  go  clear  through. 
Sections  1  and  4  showed  no  cracks  on  the  inside,  while  section  1  had  several  checks 
on  the  outside. 

Section  4  had  no  checks  either  inside  or  outside.  The  Richards  plaster  in  the  inside 
joints  was  found  to  be  good  and  firm  and  showed  no  disintegration.  Before  this  pipe  was 
broken  up  a  jackscrew  was  placed  under  one  end  and  the  pipe  was  raised  until  it  hung 
suspended  at  both  ends.  The  joints  were  then  examined  and  found  to  be  in  good 
condition.  The  pipe  remained  in  this  position  for  ten  minutes,  when  the  central  joint 
opened  y^^  inch  at  the  bottom  but  remained  tight  at  the  top.  The  cables  had  evidently 
stretched  sufficiently  to  allow  this  action.  The  pipe  was  broken  up  about  September  27, 
and  it  was  found  that  the  cracks  on  the  outside  on  section  1,  near  the  end  where  the 
leakage  was  so  great,  were  caused  by  the  omission  of  the  last  steel  ring  during  con- 
struction, leaving  a  space  of  nearly  1  foot  in  length  at  that  end  without  any  strength 
except  that  of  the  concrete,  which  naturally  could  not  stand  the  strain. 

When  the  joints  wei:e  broken  it  was  found  that  there  was  not  as  good  a  bond  between 
the  grout  and  the  pipes  as  there  should  have  been.    The  core  would  sometimes  adhere  to 
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one  section  of  the  cavity  and  make  a  clean  break  along  the  line  of  the  other  joint  so  as  to 
:show  the  shape  of  the  mould.  The  plaster  in  the  joints  should  be  allowed  to  harden  for 
at  least  two  days  before  the  grout  is  forced  into  the  cavity  ;  the  grout  may  be  made  very 
wet.  The  hole  should  first  be  filled  with  water  in  which  a  little  cement  is  mixed  and  allowed 
to  stand  filled  for  an  hour,  and  then  blown  out  and  filled  with  grout. 

While  this  experiment  was  not  at  all  satisfactory  on  account  of  the  accident  in 
handling  section  2,  it  shows  that,  with  care  and  attention  to  details,  this  method  of 
•constructing  pipes  might  be  adopted  in  case  no  better  one  is  found. 

The  small  pipes  8  inches  diameter,  18  inches  long  and  with  6  inches  thickness  of  shell, 
were  not  reinforced.  Nine  mixtures  were  used  for  these  pipes  and  three  tests  made  with 
'each  mixture. 

The  composition  of  the  various  mixtures  and  the  pressure  at  which  the  sweating  first 
became  visible  are  shown  below. 

It  is  not  claimed  that  these  pipes  would  not  have  sweated  and  leaked  under  lower 
pressures  maintained  for  a  long  time  ;  but  in  nearly  every  instance  the  sweating  showed 
at  the  recorded  pressure  inside  of  one  hour  from  the  time  the  water  was  turned  on. 

Mixture  No  1. — Sand  2  parts,  gravel  3  parts,  cement  1  part,  marble  dust  1  part. 

Pipe  A,  no  sweat  under  55  lb.  (washed  inside  and  out  with  cement  wash). 

Pipe  B,  sweat  at  40  lb.  (not  washed  with  cement). 

Pipe  C,  sweat  at  30  lb.  (not  washed  and  had  flaw  inside). 
Mixture  No,  2. — Sand  3  parts,  gravel  4  pcirts,  cement  |  part,  marble  dust  1  i  parts. 

Pipe  A,  sweat  at  60  lb.  (washed  inside  and  out  with  cement  wash). 

Pipe  B,  sweat  at  45  lb.  (not  washed  with  cement). 

Pipe  C,  sweat  at  30  lb.  (washed  on  inside  with  cement). 
Mixture  No.  3. — Sand  3  pcu'ts,  gravel  4  parts,  cement  }  part,  marble  dust  IJ  parts,  lime  putty 
i  part. 

Pipe  A,  sweat  at  35  lb.  (washed  inside  and  outside  with  cement). 

Pipe  B,  sweat  at  30  lb.  (not  washed). 

Pipe  C,  sweat  at  30  lb.  (washed  inside  with  cement). 
Mixture  No.  4. — Sand  3  parts,  gravel  4  parts,  cement  1 J  p€u*ts,  hydrated  lime  i  part. 

Pipe  A,  sweat  at  30  lb.  (washed  inside  and  out  with  cement). 

Pipe  B,  sweat  at  35  lb.  (not  washed). 

Pipe  C,     sweat  at  35  lb.  (washed  inside  with  neat  cement). 
.Mixture  No.  5. — Sand  3  partfi»  gravel  4  peu-ts,  cement  1  part,  marble  dust  2  parts,  lime  putty 
J  part. 

Pipe  A,  sweat  at  50  lb.  (washed  inside  and  out  with  neat  cement). 

Pipe  B,  sweat  at  35  lb.  (no  wash). 

Pipe  C,  sweat  at  40  pounds  (washed  inside  with  neat  cement). 
Mixture  No.  6. — Sand  2  parts,  gravel  5  parts,  cement  1  part,  marble  dust  1  part,  Richards 
mixture  1  part. 

Pipe  A,  sweat  at  40  lb.  (not  washed). 

Pipe  B,  sweat  at  40  pounds  (not  washed). 

Pipe  C,  broke  at  40  lb.     Without  sweat  for  45  minutes.     (Not  washed.) 
Mixture  No.  7. — Sand  2  parts,  gravel  5  parts,  cement  1  part,  marble  dust  I  part,  lime  putty 
i  part  (with  Bich€u*ds  mixture). 

Pipe  A,  sweat  at  35  lb.  (no  wash). 

Pipe  B,  sweat  at  38  lb.  (no  weish). 

Pipe  C,  sweat  at  40  lb.  (no  wash). 
Mixture  No.  8. — Sand  2  parts,  gravel  5  parts,  cement  2  parts,  hydrated  lime  }  part,  marble 
diBt>  i  part. 

Pipe  A,  sweat  at  35  lb.  (no  wash). 

Pipe  B,  sweat  at  23  lb.  (no  wash). 

Pipe  C,  sweat  at  23  lb.  (no  wash). 
Mixture  No.  9. — Sand  2  parts,  gravel  5  parts,  cement  1 J  parts,  hydrated  lime  }  part,  marble 
dust  1  part. 

Pipe  A,  sweat  at  40  lb.  (no  wash).     This  pipe  stood  66  lb.  without  breaking. 

Pipe  B,  sweat  at  41  lb.  (no  wash).    This  pipe  stood  67  lb.  pressure  without  breaking. 

Pipe  C,  discarded  on  account  of  flaw. 

It  is  evident  from  these  experiments  that  the  impermeability  of  the  concrete  itself 
-in  a  reinforced  concrete  pipe  must  not  be  depended  on  too  much,  but  it  is  better  to  cover 
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the  inside  surface  of  the  pipe  with  a  thick  coat,  or  probably  better  still  with  several  thin 
coats  of  impervious  mortar.  This  mortar  must  be  soft  and  plastic  when  first  placed  on  the 
pipe.  The  Richards  plaster  seems  to  be  the  nearest  approach  to  this  ideal  plaster  that 
has  been  found  in  these  experiments. 

The  experiments  on  the  small  pipes  were  not  carried  out  by  the  writer,  who,  on 
account  of  other  duties,  was  unable  to  direct  them.  The  assistant  in  charge  of  the  experi- 
ments was  a  very  careful,  painstaking,  and  practical  man  of  long  experience  in  concrete 
work,  and  the  experiments  are  given  for  what  they  are  worth. 

This  entire  subject  is  a  most  complex  one,  and  it  is  realized  that  the  results  of  these 
experiments  are  somewhat  disappointing.  It  is  hoped,  however,  that  what  little  has  been 
done  may  serve  as  a  beginning  for  further  experiments. 

Conclusions 

The  following  precautions  in  making  concrete  pipes  to  withstand  water  pressure  are 
suggested  : 

1.  Do  not  allow  the  sun's  rays  to  touch  the  concrete  when  it  is  being  mixed  and 
placed  in  the  form.     If  necessary  build  a  shed  over  the  work. 

2.  If  the  steel-concrete  pipe  cannot  be  made  continuously  by  machine,  do  as  much 
of  the  hand  tamping  as  possible  in  radial  directions.  When  the  tamping  must  be  done  at 
right  angles  to  the  radius  of  the  pipe,  either  in  longitudinal  or  circumferential  directions, 
avoid  as  far  as  possible  the  formation  of  seams  or  cleavage  planes  from  delays  in  placing 
the  forms  and  adding  fresh  material.  By  making  the  concrete  very  wet,  delays  will  not 
be  so  dangerous  as  in  the  case  of  dry  concrete. 

3.  Be  careful  in  tamping  not  to  spring  the  longitudinal  rods,  and  use  as  few  of  these 
as  will  suffice  to  hold  the  circumferential  rods  in  place,  except  in  case  of  vertical  cniyes 
in  the  pipe,  when  additional  rods  or  steel  cables  must  be  used  on  the  longer  side  of  the  curved 
part  of  the  pipe. 

4.  Do  not  depend  upon  the  tensile  strength  of  the  concrete,  but  make  the  steel  rods 
of  such  size  and  distance  apart  as  will  insure  no  greater  stretch  of  the  steel  than  0-04 
inch  in  any  rod  from  the  maximum  pressure  to  which  the  pipe  is  to  be  subjected. 

5.  Make  the  inside  diameter  of  the  pipe  1^  inches  larger  than  required,  to  allow  space 
for  putting  two  coats  of  plaster  on  the  inside. 

6.  As  soon  as  the  pipe  is  completed  give  the  inside  one  coat  of  plaster  i  inch 
thick,  composed  of  1  part  cement  to  1^  parts  of  sand,  and  a  small  quantity  of  lime  paste, 
thoroughly  cooled,  to  retard  setting.  Keep  pipe  well  wet  ahead  of  the  plastering.  When 
this  coat,  which  may  be  left  rough,  is  dry,  put  on  another  coat  about  J  inch  thick  of 
plaster  composed  of  1  part  of  sand  to  1  part  of  cement.  This  coat  should  be  trowelled 
to  a  smooth  surface,  and  when  it  is  dry  the  entire  inside  surface  of  the  pipe  should  be 
covered  with  a  thick  wash  of  fine  cement  and  water. 

7.  Provide  for  drainage  of  water  which  may  leak  when  the  pipe  is  first  filled,  so  that 
sufficient  water  may  not  remain  in  the  trench  to  soften  the  ground  under  the  pipe. 

8.  Bury  the  pipe  under  the  ground  so  that  there  will  be  in  no  place  less  than  2  feet 
between  the  top  of  the  pipe  and  the  natural  surface  of  the  ground. 

9.  In  very  cold  climates  provide  means  for  draining  the  pipe  so  that  it  can  be  emptied 
at  the  end  of  each  irrigating  season. 

10.  The  soap  and  alum  mixture  may  be  used  to  advantage  in  making  the  concrete, 
but  reliance  for  impermeability  must  be  placed  on  the  plastering  rather  than  on  the  material 
of  the  pipe. 

11.  Do  not  use  reinforced  concrete  pipes  for  heads  over  70  feet,  except  for  short 
distances,  where  a  100  foot  head  might  be  used  by  taking  special  precautions. 
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WORKS  CONSTRUCTED  BY  MAJOR  STOKES-ROBERTS,  R.E.,  IN  INDIA 

Major  Stokes- Roberta  has  been  instrumental  in  introducing  the  use  ot  reinforced 
concrete  and  brickwork  for  Government  purposes  in  India.  He  is  of  the  opinion  that  a 
simple  and  reliable  system  of  I'einforcement  and  calculation  is  essential  in  that  country, 
since  the  recognized  firms  cannot  be  employed  to  do  the  work,  which  must  be  entrusted 
to  native  laboui'ers. 

It  is  hoped  that  the  tables  and  diagrams  given  in  Part  VI  will  be  found  useful 
in  simplifying  the  necessary  calculations,  since  by  their  employment  simple  structures 
may  be  designed  without  difficulty,  by  the  use  of  only  a  few  simple  formulae,  when  once 
the  load  or  the  bending  moment  on  the  piece  has  been  obtained. 

Major  Stokes -Roberts  has  elaborated  a  system  for  the  construction  of  reinforced  tanks, 
of  which  a  description  is  given  below.  A  shorts  description  is  also  given  of  two  arched 
bridges  constructed  by  him  to  carry  foot  traffic  and  a  line  of  1^  feet  gauge  tramways. 

Reinforced  Tanks,  as  cosstrpctbd  by  Majob  Stores-Roberts 
The  provision  and  erection  of  centering  forms  one  of  the  main  items  of  expenditure 
for  tanks  with  concrete  walls,  and  with  a  view  to  avoiding  this,  Major  Stokes -Roberts 
has  deigned  a  new  type  of  reinforced  brickwork,  which  has  been  successfully  uB3d  for  small 
reservoirs  up  to  23  feet  in  internal  diameter  and  10  feet  in  depth.  The  structure  consists 
essentially  of  a  brickwork  cylinder,  encircled  with  metal  hoops,  which  take  all  the  tensile 
stresi-e3  produced  by  the  water  pressure.  The  cylindrical  walls  so  far  constructed  have 
been  9  inches  thick,  but  for  small  diameters  where  economy  of  space  or  materials  is  neces- 
sary, no  doubt  4|-inch  brickwork  could  be  used.     During  the  construction  of  the  cylinder 


a  number  of  wires  are  built  in  radially  and  left  projecting  from  the  face  of  the  brickwork 
(Fig.  576),*  with  the  following  purposes  in  view — 

(i)  To  form  a  serjes  of  brackets  on  which  the  horizontal  metal  rings  ore' supported, 
whilst  being  put  together,  as  described,  in  the  specification  below. 

■  Fig.  676  ahowB  radial  wires  in  a  tank  of  23  feet  intemai  diameter. 
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(ii)  To  ensure  the  correct  vertical  spacing  of  the  horizontal  rings  and  to  clip  tbem 
tightly  to  the  cylinder.  The  rings  for  the  waUs  of  reinforced  concrete  tanks  have  a  tendency 
to  get  displaced  during  the  ramming  of  the  concrete,  unless  tightly  secured  to  the  vertical 
distributing  bars,  but  this  is  entirely  obviated  in  the  system  now  described. 

(iii)  To  ensure  that  a  space  is  left  between  the  exterior  of  the  cylinder  and  the  backs 
of  the  rings,  in  order  that  the  cement  mortar  which  is  afterwards  put  on  may  be  in  complete 
contact  with  the  ironwork,  and  so  save  it  from  deterioration. 

(iv)  To  give  additional  strength  on  the  principle  of  the  Monier  distributing  bars, 
where  the  rings  are  placed  some  distance  apart  vertically. 

If  the  specification  is  carefully  followed  there  will  be  no  difficulty  at  all  in  making 
these  tanks  water-tight,  and  although  the  reinforcement  may  appear  somewhat  compli- 
cated in  the  drawings,  in  actual  practice  it  will  be  found  that  it  can  be  completed  rapidly 
and  more  easily  than  a  Monier  grill.  With  the  exception  of  the  small  additional  rates  for 
covering,  the  extra  trouble  in  keeping  the  brickwork  truly  cylindrical,  for  building  in  the 
radial  wires,  and  for  fixing  the  reinforcing  rings,  there  is  no  expenditure  to  meet,  beyond 
the  cost  of  the  iron,  and  the  ordinary  local  rates  for  brickwork,  concrete  and  plastering, 
so  that  in  most  localities  this  form  of  construction  should  prove  decidedly  economical  in 
comparison  either  with  plain  masonry  of  a  cross-section  giving  the  same  resistance  to  the 
water  pressure,  or  with  cast  and  wrought  iron.  In  comparing  with  the  latter,  the  capitalized 
cost  of  maintenance  and  the  question  of  durability  must  be  taken  into  consideration. 

An  elevated  tank  can  also  be  constiiicted  on  this  system,  with  the  addition  of  a  rein- 
forced  concrete  bottom.  In  this  case  the  centering  for  the  bottom,  if  made  horizontal, 
is  easUy  put  up,  and  at  small  cost.  These  tanks  can  be  finished  off  with  slabbed  or  mono- 
lithic roofs  of  reinforced  concrete,  but  the  domical  covering  shown  in  Fig.  577  is  perhaps 
neater  in  appearance. 

Should  at  any  time  increased  depth  and  storage  capacity  be  required,  the  necessaiy 
extra  reinforcement  can  be  provided  without  difficulty,  whereas  iron  or  masonry  tank* 
are  only  suitable  for  the  depth  of  water  for  which  designed. 

The  following  specification  was  drawn  up  for  the  construction  of  a  5,000  gallons  tank, 
and  is  applicable^  with  slight  modifications,  to  increased  depths  and  diameters. 


jSPECinCATION 

1.  A  brickwork  cylinder  of  12^  feet  internal  diameter  and  6 J  feet  in  height  will  be 
built  in  cement  9  inches  thick,  the  greatest  care  being  taken  that  all  joints  are  properly  filled 
in.    The  mortar  will  consist  of  3  parts  clean  sharp  sand  to  1  of  cement. 

2.  The  bricks,  instead  of  being  soaked  in  water  in  the  usual  manner,  will  be  inmiersed 
before  use  in  a  thin  cement  grout. 

3.  Pieces  of  old  telegraph  wire  will  be  built  in  radially  at  1  foot  intervals,  as  shown 
in  Figs.  578  and  579,  and  breaking  joint  vertically,  as  in  Fig.  576,  and  in  dotted  and  full 
lines,  Fig.  578. 

The  circumference  of  the  tank  being  44  feet,  forty -four  of  these  wires  will  be  required 
for  each  of  the  lower  horizontal  joints  (3-inch  vertical  intervals),  and  twenty-two  wires  for 
each  of  the  four  upper  joints  (6-inch  vertical  intervals). 

4.  Great  care  will  be  taken  to  make  the  brickwork  truly  cylindrical^  and  as  the  work 
rises,  a  layer  of  cement  plaster  (1  cement,  3  sand)  left  rough  and  not  exceeding  J  inch  thick 
will  be  given  to  the  inner  and  otUer  faces  of  the  wall. 

5.  On  completion  of  the  brickwork,  the  internal  water-tight  coating  of  plaster  (1 
cement,  2  sand),  J  inch  thick  (making  J  inch  in  all  with  the  J  inch  already  applied),  will  be 
put  on,  and  both  it  and  the  external  face  will  be  kept  thoroughly  wet. 

6.  When  the  brickwork  has  well  set,  and  the  radial  wires  are,  secure,  the  horizontal 
iron  rings  for  encircling  the  cylinder  can  be  made  up  in  straight  lengths  on  the  ground,  shown 
in  Fig.  580,  each  bar  being  hooked  at  the^nd  (bent  cold ) ;  care  being  taken  that  the  end 
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Fio.  579 

hooks  are  either  both  in  the  hoFizontal  plane  aa  shown  at  X  F  (Fig.  580),  or  both  in  the 
vertical  plane  aa  OP. 

The  total  length  of  ring  as  laid  oat  on  the  ground  should  be  the  actual  circumference 
of  the  brickwork  (say  44  feet). 

7.  The  bottom  ring  will  then  be  laid  out  on  the  horizontal  brackets  formed  by  the 
bottom  radial  wires,  which  will  be  at  once  turned  up,  as  shown  at  A  (Fig.  581),  and  tapped 
gently  into  position  with  a  piece  of  wood. 


Fio.  S81  Fto.  BB3  Fia.  583 

8.  The  second  ring  can  then  be  placed  on  the  second  layer  of  radial  wires,  which  will 
be  turned  upwards  as  before. 

The  joint  shown  (Fig.  583)  should  break  joint  with  the  similar  junction  of  the  ring 
below, 

9.  Joint  B  can  now  be  completed,  as  shown  in  Fig.  682,  by  turning  down  the  project- 
ing end  of  wire  shown  above  B  in  Fig.  581. 

10.  The  lower  horizontal  rings  are  thus  clipped  to  the  wall  at  distances  of  6  inches 
throughout  their  length,  and  kept  away  from  the  wall  by  a  distance  equal  to  the  diameter 
of  the  telegraph  wire. 
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If  care  haa  been  taken  with  the  clip  joints  it  will  be  found  that  the  horizontal  rin^  ue 
rigidlv  held  in  position,  and  no  tightening  up  at  all  wiU  be  required. 

The  hooka  X  Y  (Fig.  680)  can  then  be  secured  with  two  complete  turns  of  telegraph 
wire  (thus  giving  a  croes-section  of  four  wires  at  the  centre  of  joint)  aa  in  Fig.  583. 

H.  On  completion  of  the  external  network  the  whole  of  the  ironwork  will  becarefullT 
brushed  over  with  cement  grout,  and  immediately  afterwards  a  layer  of  cement  plaster 
(1  cemeat,  3  sand)  sufficiently  thick  to  well  cover  all  the  joints  in  the  bars,  will  be  laid  on 
fairly  dry,  and  may  be  consolidated  by  being  well  tapped  into  position  with  small  wooden 
beaters, commencing  from  the  bottom.  A  total  of  about  1}  inches  thickness  of  plaster  (in- 
cluding the  original  i  inch)  should  suffice.  (Fig.  634  shows  the  tank  with  the  reinforcement, 
the  ironwork  on  the  left  side  having  been  brushed  over  with  grout.) 

12.  The  thrust  rail  or  girdle  for  the  dome  shown  in  Fig.  685  will  then  be  put  on,  Bod 
the  construction  of  the  latter  {vide  separate  specification)  can  be  proceeded  with, 

13.  The  cornices  and  ornamentation  will  be  the  final  operation. 


14.  When  the  dome  haa  thoroughly  set  the  centerii^  will  be  removed  thronghtbe 
manhole. 

Note. — Ths  only  calculationa  necessary  are  for  the  external  horizontal  rings,  which  ora  calculaUd 
exactly  as  for  the  rinf!H  of  a)ncrot«  pipes  or  reearvoirs.  The  vertical  spacing  of  the  rings  will  in  the  cue 
of  brickwork  be  3  inches  or  multiples  thereof  to  suit  the  horizontal  jointa  ;  but  if  stone  is  nawi  foe 
the  cylinder,  the  depth  of  the  lower  courees  should  not  exceed  in  depth  the  distance  which  is  considMed 
suitable  as  a  maximum  spacing  for  the  rings. 

The  radial  wires  tor  tanks  up  to  23  feet  in  internal  diameter  have  so  far  been  built  in  st  Moot 
int«rvalB,  but  there  is  no  objection  to  this  disUmce  being  donbled,  especially  for  larger  tanks  whart 
the  telegraph  wire  could  be  replaced  by  J-inch  soft  iron  bars. 

Specification  foe  Dome  for  Eeinforcbd   Brickwork  Tank  of  12  feet  6  inches 
Internal  Diameter,  and  5,000  Gallons  Capacity 

1.  The  thrust  due  to  the  dome  will  be  taken  up  by  an  old  tram  rail  weighing  9  pounds 
to  the  yard  bent  to  a  circle  of  13  feet  3  inches  internal  diameter  (Figs.  585  and  586). 

2.  This  rail  will  be  placed  in  position  on  the  centre  of  the  wall,  and  the  mud  centering 
resting  on  supports  in  sand  boxes  will  then  be  put  up,  a  good  proportion  of  sand  being  uwd 
in  the  upper  surface  of  the  mud  plaster  (the  completed  centering  with  rail  in  position  is 
shown  in  Fig.  536,  and  the  sand  box  supporting  the  props  in  Fig.  587). 

3.  The  ring  Rl  (Figs.  588  and  589)  for  the  manhole  opening  will  now  be  laid  on  the 
top  of  the  dome,  and  hooked  to  it  will  be  eight  radial  rods  (telegraph  wire),  which  *ill 
be  secured  to  the  thrust  rail  by  fine  wire.  The  length  of  these  radial  rods  is  5  feet  6  inches 
on  plan. 
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4.  Aa  soon  aa  the  eight  nulialB  are  secured  in  position  the  remaining  rings  Si,  Si. 
R4,  and  A6,  will  be  placed  on  top  of  them,  and  tied  in  place  with  thin  wire.  AS  will  rest  od 
the  lower  flange  of  the  thrust  rail. 

6.  The  remaining  radiala  (Fig.  588)  will  then  be  hooked  on  to  the  ring  from  which  thej 
originate,  as  shown  in  Fig.  589,  and  will  be  tied  at  intervals  with  wire  as  necessaiy. 
6.  The  dome  will  be  2  inches  thick  at  thrust  rail,  and  1 J  inches  next  the  manhole. 

The  mortar  will  be  laid  in  thin  layers,  vgL 
rammed,  commencing  above  the  wall  and  wo^iDg 
upwards. 

7.  The  centering  will  be  arranged  aa  in  Fig.  6S6, 
and  when  the  cement  has  set  thoroughly  the  jdngs 
will  be  removed  from  the  sand  boxes  (Fig.  567),  eo 
that  the  centering  may  gradually  and  uniformly  sab- 
side. 
This  specification  was  written  for  Indian  practice,  and  any  suitable  timber  would  be 
employed  for  the  centering  instead  of  blue  gum. 

The  cost  of  the  tank  containing  5,000  gallons  with  a  spherical  covering  was  £34,  and 
that  of  the  25,000  gallons  tank  with  a  flat  roof  (23  feet  internal  diameter  and  10  feet  deep) 
was  £73,  but  these  costs  apply  to  Indian  practice  and  to  the  particular  district,  and  will 
vary  somewhat  with  the  local  prices  of  materials  of  labour. 

Bridges  Erected  by  Major  Stokes-Robbrts 
The  two  bridges  shown  in  Figs.  590  and  591  were  constructed  in  1901,  and  are  intenrt- 
ing,  as  it  is  believed  that  they  were  the  first  to  be  constructed  of  reinforced  concrete  in 
India.    They  were  designed  as  foot-bridges  and  for  the  passage  of  IJ-feet  gauge  tramwajB, 
and  are  both  on  the  skew. 

In  each  case  the  square  span  is  30  feet,  the  thickness  at  the  crown  being  3  inches,  and 
that  at  the  haunches  5  inches.  In  order  to  give  a  large  waterway  and  to  keep  down  to  the 
gradient  of  the  tram-line,  the  bridge  shown  in  Fig.  590  was  given  a  rise  of  only  one-twelfth 


span,  and  consisted  of  a  slab  (Fig.  592),  on  which  the  brick  superstructure  waa  aft^wards 
erected.  As  the  superstructure  showed  a  tendency  to  crack  under  the  vibrations  set  up 
by  the  traffic  and  the  vibrations  caused  by  a  large  pulverizer  which  was  working  oloee  at 
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hand,  extra  rigidity  was  given  to  the  apandril  filling,  by  forming  this  of  concrete  in  place 
of  earth  filling,  aa  originally  intended,  the  upper  horizontal  surface  being  reinforced  with 
light  bars. 

The  abutments  of  both  bridges  consisted  of  ordinary  lime  concrete  about  6  x  8  x  S 


feet  resting  on  the  banks  of  the  stream,  and  protected  from  undercutting  by  3-inch  rein- 
forced concrete  apron  walls,  which  can  be  seen  in  Figa.  690  and  691. 

The  reinforcement  for  the  bridge  shown  in  Fig.  590  consists  of  a  3-incb  mtsh  network 
near  the  intrados,  formed  of  |  and  J-inch  round  longitudinals  (these  being  the  only  sections 
obtainable  at  the  time),  with  ^inch  square  traoBverse  bars. 
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For  the  bridge  shown  in  Fig.  591  the  3-inch  network  is  formed  of  J-inch  square  longi- 
tudinals with  transverse  rods  of  V^  inch  diameter  turned  up  into  the  concrete  of  the  spandril 
wal]s  at  intervals. 

Both  the  arches  are  constructed  of  1  to  3  cement  mortar. 

The  spandril  walls  of  the  bridge  shown  in  Fig.  591  are  monolithic  with  the  arch,  giving 
the  structure  great  rigidity,  and  the  passage  of  a  trolley  loaded  to  4^  tons  at  various  speeds 
caused  no  visible  deformation  at  the  crown  or  quarter  spans. 

Fig.  593  shows  the  extreme  simplicity  of  the  centering,  which  rested  on  slack  blocks, 
and  was  lowered  about  one  month  after  the  completion  of  the  bridges. 

The  joints  in  the  longitudinals  consist  of  a  simple  overlap  of  twenty-five  diameters 
tied  in  three  places  with  wrappings  of  No.  20  standard  wire  gauge,  as  shown  in  Fig.  594 
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LOAD  DEFORMATION  DIAGRAMS 
PROFESSOR  TALBOT'S  EXPERIMENTS,  1904  (Page  254) 
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Appendix  VI 

PROFESSOR  TALBOT'S  EXPERBIENTS,  1905 

Professor  Talbot  makes  the  following  remarks  on  the  behaviour  of  the  test  beams, 
the  details  of  which  are  given  (p.  258). 

Failure  by  Tension  in  Steel 

m 

All  the  1  per  cent,  beams  which  were  loaded  at  the  one-third  points  except  Beam 
No.  20  failed  by  tension  in  steel,  and  without  any  other  sign  of  failure  appearing  until 
the  greatly  increased  stretch  of  the  steel  beyond  the  yield  point  brought  entirely  new 
conditions  into  action.  Unfortunately,  the  steel  used  was  quite  variable  in  elastic  limit, 
tests  made  afterwards  showing  that  J-in.  bars  in  the  same  beam  gave  yield  points  at  about 
33,000  and  45,000  lb.  per  square  inch,  and  hence  the  breaking  values  of  the  beams  are 
not  as  uniform  as  would  otherwise  be  the  case.  Evidently,  two  lots  of  bars  must  have 
become  mixed  in  shipping.  The  yield  point  of  the  f-in.  bars  was  28,000  lb.  per  square 
inch.  However,  it  is  evident  from  the  results  that  beams  made  of  1:3:6  concrete  of  the 
quaUty  here  used,  reinforced  with  1  per  cent,  of  mild  steel,  may  be  expected  to  fail  by 
tension,  unless,  of  course,  the  relation  of  depth  to  length  of  span  is  such  that  failure  by 
diagonal  tension  occurs.  Of  the  beams  having  more  than  1  per  cent,  reinforcement. 
Beam  No.  37  (1*24  per  cent,  reinforcement)  and  No.  35  (1*84  per  cent.)  failed  by  tension  in 
steel,  and  No.  46  (2*76  per  cent.)  failed  by  compression  of  the  concrete.  No.  38  (160 
per  cent.),  No.  33  (1*66  per  cent.).  No.  34  (1*66  per  cent.),  and  No.  46  (1-84  per  cent)  failed 
by  diagonal  tension  in  concrete  before  the  elastic  limit  of  the  steel  was  reached  and 
before  the  full  compressive  strength  of  the  concrete  had  a  chance  to  develop.  The  same 
is  true  of  Beams  Nos.  24,  28  and  29  with  2-21  per  cent,  reinforcement.  The  beams  vith 
1  per  cent,  of  bent-up  reinforcement  failed  by  tension  ia  steel.  It  seems  evident,  there- 
fore, that  beams  made  of  1:3:6  concrete  of  good  quality  reinforced  with  1*5  per  cent,  of 
steel  of,  say,  33,000  lb.  i)er  square  in^h  elastic  limit  will  fail  by  steel-tension,  provided 
the  dimensions  of  the  beam  are  such  that  the  failure  is  not  by  diagonal  tension. 

Failure  by  Compression  op  Concrete 

None  of  the  beams  failed  primarily  through  the  development  of  the  ultimate  com- 
pressive strength  of  the  concrete  except  No.  46,  which  had  2*  76  per  cent,  reinforcement. 
Some  of  them,  of  course,  crushed  at  the  top  with  the  rapid  rise  in  the  neutral  axis  after 
the  steel  had  passed  the  yield  point,  but  this  must  not  be  considered  a  compression  faOure. 
The  beams  having  a  large  enough  reinforcement  of  mild  steel  to  counterbalance  the  com- 
pressive strength  of  the  concrete  gave  diagonal  tension  failures  before  the  full  compressive 
strength  of  the  concrete  was  reached.  However,  the  load-deformation  diagrams  and 
computations  of  the  compressive  stresses  throw  some  light  on  the  e£fect  of  the  lai^ger 
reinforcement.  The  load-deformation  curve  for  the  upper  fibre  shows  no  change  of  direc- 
tion up  to  a  unit  shortening  of  '0010  and  '0012  in  beams  where  the  deformation  reached 
this  amount.  In  Beams  Nos.  28  and  29,  in  which  the  unit  shortening  curves  went  to  the 
highest  values,  the  concrete  did  not  show  sign  of  failure  when  the  unit-deformation  reached 
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*0020  and  '002G.  In  Beam  No.  26,  the  deformation  at  upper  fibre  at  maximum  load 
was  '0026.  A  study  of  these  curves  in  connexion  with  the  amount  of  reinforcement  used 
shows  that  with  1:3:6  concrete  of  the  quality  here  used,  a  reinforcement  of  1*5  per  cent, 
of  steel  of  an  elastic  limit  of,  say,  33,000  lb.  per  square  inch  will  not  develop  the  full  com- 
pressive strength  of  the  concrete.  This  conclusion  of  course  is  independent  of  whether 
the  diagonal  tensile  strength  of  the  beam  is  Ickrge  enough  to  resist  that  method  of  failure. 

FAiLtnRE  BY  Diagonal  Tension  in  Concrete 

It  is  believed  that  the  shearing  strength  of  concrete  is  great  enough  to  resist  any 
shearing  stresses  which  come  on  beams  of  ordinary  dimensions.  What  are  frequently 
called  diagonal  shearing  failures  are  really  diagonal  tension  failures.  Since  the  actual 
amount  of  the  diagonal  tensile  stress  cannot  be  calculated  without  knowing  the  hori- 
zontal tensile  stress  developed  in  the  concrete  at  the  same  place,  it  may  be  best  to  make 
comparisons  through  the  medium  of  the  horizontal  and  vertical  shearing  stresses,  as 

K 

given  by  the  equation  ik»a«=rT7  where  h'  is  the  distance  from  centre  of  steel  to  centre 

of  the  compressive  resistance  of  the  concrete.  The  amount  of  the  diagonal  tensile  unit- 
stress  may  under  some  circumstances  be  two  or  more  times  as  much  as  the  vertical  shear- 
ing unit-stress.  Perhaps  in  the  beams  under  consideration  the  maximum  diagonal  ten- 
sile stress  may  be  considered  to  be  in  the  neighbourhood  of  two  and  a  half  times  the  verti- 
cal shearing  stress.  Bearing  this  in  mind,  we  may  use  the  value  of  the  vertical  shearing 
unit-stress  as  calculated  by  the  above  formula  for  making  comparisons  of  the 
diagonal  tensile  stresses  developed.  The  highest  value  is  151  lb.  per  square  inch 
for  Beam  18,  which  failed  under  an  applied  load  of  18,800  lb.  Evidently  the  diagonal 
tensile  stress  developed  in  this  beam  was  between  300  and  400  lb.  per  square  inch.  The 
lowest  values  for  normal  concrete  were  Beam  No.  34,  which  failed  with  k^^  =  104  lb. 
per  square  inch,  and  No.  20  with  86  lb.  per  square  inch.  The  average  value  for  failures 
of  this  type  was  i,„ax  =  123  lb.  per  square  inch.  Beam  No.  20  gave  especially  low 
resoltB.  Of  the  beams  not  failing  by  diagonal  tension,  two  developed  a  vertical  shearing 
stress  of  123  lb.  per  square  inch,  and  four  reached  100  lb.  per  square  inch.  None  of 
these  beams,  then,  developed  a  stress  higher  than  the  average  given  above. 

It  should  be  borne  in  mind  that  these  results  are  with  1:3:6  concrete,  that  the  bars 
were  laid  horizontally  throughout  the  length  of  the  beam,  and  that  there  was  no  vertical 
or  diagonal  steel  reinforcement  used. 

The  so-called  abnormal  concrete  gave  lower  results.  Nos.  39  and  40,  made  of  con- 
crete which  was  unevenly  and  insufficiently  mixed,  broke  at  ifc,„^  =  66  and  78  lb.  per 
square  inch.  Baams  Nos.  41  and  42,  made  with  the  lean  mixture  (1 : 6 :  12)  at  the  bottom, 
broke  at  i^^  =  76  and  57  lb.  per  square  inch  respectively.  Beam  No.  43,  made  with 
a  "  plane  of  set  "  above  the  bars,  did  not  fail  by  diagonal  tension,  but  Beam  No.  44  broke 
at  80  lb.  per  square  inch. 

It  seems  apparent  from  these  tests  that  the  richness  and  the  tensile  strength  of  the 
concrete  enter  into  the  diagonal  tensile  strength  of  a  beam  in  a  way  not  usually  recog* 
nized,  and  that  for  beams  having  a  short  length  in  comparison  with  the  depth  it  may 
be  the  controlling  element  of  strength,  unless,  of  course,  some  metallic  form  of  web 
reinforcement  is  used. 

Failxtbb  of  Bond 

Failure  of  the  bond  between  the  reinforcing  rods  and  the  concrete  is  difficult  to 
detect.  The  fact  that  a  rod  has  been  found  after  failure  of  the  beam  to  have  slipped  i& 
not  evidence  that  slipping  occurred  before  failure  began  and  hence  was  the  primary 
cause  of  failure.  In  some  instances  reported  as  failure  by  slipping,  the  slipping  evidently 
occurred  as  a  consequence  of  the  new  conditions  brought  into  play  by  whatever  was 
the  primary  cause  of  failure,  and  slipping  may  not  be  considered  the  primary  failure. 
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The  smooth  and  almost  polished  surface  and  uniform  cross-section  of  the  tool  steel 
used  in  eleven  beams  gave  an  opportunity  to  study  failure  of  bond  or  slip  of  bars.  The 
average  value  of  k„  for  this  series  was  133  pounds  ^per  square  inch  of  surface.  These 
bars  were  {-in.  round  tool  steel  of  about  52,000  lb.  per  square  inch  elastic  limit,  bought 
of  the  Crescent  Steel  Co.  The  surface  of  these  bars  was  dense  and  smooth,  the  finishing 
work  leaving  the  surface  almost  like  a  glaze.  The  cross-section  of  the  rods  was  very  nearly 
uniform  ;  for  example,  measurement  of  the  diameter  of  a  rod  taken  at  intervals  of  ^  inch, 
were  as  follows  :  '7590,  -7690,  '7690,  -7588,  7589,  -7689  in.  Measurements  of  mild  steel 
rods  taken  at  two  points  ^  inch  apart  will  vary  as  much  as  0015  in. 

All  these  beams  failed  by  bond  of  steel  and  concrete  or  shpping  of  the  bars.  Fig.  €06 
shows  their  appearance  after  failure.    The  bond  developed  in  lb.  per  square  inch  at  the 

time  of  failure  was  calculated  by  equation  k^  =  --r?  where  v  is  the  total  perimeter 

of  the  bars.  The  weight  of  the  beam  and  loading  apparatus  is  included  in  these 
calculations.  Beam  No.  49  failed  suddenly.  The  failure  shows  a  nearly  vertical 
crack  with  a  horizontal  crack  extending  along  the  plane  of  the  reinforcement 
toward  the  support.  It  seems  likely  that  slipping  occurred  from  the  end  of  the  rods  to 
the  vertical  crack  and  also  that  the  horizontal  crack  developed  at  the  time  of  slipping 
and  in  connexion  with  the  vertical  tension  coming  on  the  rod.  The  bond  stress  developed, 
161  lb.  per  square  inch  of  surface  of  bar,  is  the  largest  except  one  developed  in  this  series. 
The  vertical  crack  was  closer  to  the  support  than  was  the  case  with  the  other  beams. 
The  record  of  Beam  No.  60  is  not  definite  enough  to  give  the  exact  conditions  of  failure. 
It  developed  the  highest  bond  stress  of  the  tool  steel  series,  181  lb.  per  square  inch.  Pro- 
bably the  slipping  and  consequent  failure  were  sudden.  The  fact  that  the  loads  were 
closer  to  the  supports  than  in  the  other  beams  may  have  a  bearing  on  the  high  value 
developed.  It  seems  probable  also  that  the  additional  anchorage  of  3  inches  of  rod  which 
in  all  the  beams  projected  beyond  the  point  of  support  would  act  to  raise  the  calculated 
bond  stress  for  beams  in  which  shpping  occurred  from  the  ends. 

Eight  beams  may  be  described  as  slipping  and  failing  gradually.  At  a  load  of  75 
per  cent,  to  95  per  cent,  of  the  maximum  a  crack,  vertical  or  nearly  vertical  in  position, 
appeared  between  the  load  point  and  the  supx>ort  and  not  very  far  from  the  former,  and 
gradually  increased  in  height  until  the  maximum  load  was  reached.  The  load  then  fell 
off,  and  this  crack  grew  until  suddenly  failure  occurred  at  a  load  from  1,000  to  4,000  lb. 
less  than  the  maximum.  In  Beam  No.  52  the  critical  crack  appeared  at  13,000  lb., 
87  per  cent,  of  the  maximum  load.  The  direction  and  position  of  the  critical  crack  are  indi- 
cations that  slipping  of  the  rods  was  the  primary  cause  of  failure.  The  cracks  shown  in 
Fig.  606  are  as  they  appeared  near  the  time  of  final  failure.  At  first  appearance 
only  the  vertical  portion  showed.  It  seems  likely  that  this  sUpping  occurred  from  the 
crack  to  a  point  under  the  load,  there  being  no  shear  and  hence  no  bond  stress  on  the  por- 
tion of  the  beam  between  the  two  loads.  The  calculated  bond  stress  at  maximum  loads 
for  these  beams  ranged  from  114  to  143  lb.  per  square  inch.  Bond  tests  made  with 
this  tool  steel,  the  rods  being  embedded  6  inches  in  the  concrete,  gave  values  of  153, 147, 
154,  and  141  lb.  per  square  inch  of  surface,  averaging  149  lb.  per  square  inch.  It  may 
be  noted  that  at  the  first  appearance  of  the  critical  crack  in  these  eight  beams,  the  bond 
stress  developed  ranged  from  90  to  125  lb.  per  square  inch.  The  position  of  the  critical 
crack  and  the  manner  of  failure  in  this  group  of  beams  cu*e  materially  different  from  the 
conditions  accompanying  diagonal  tension  failures.  It  must  not  be  overlooked,  however, 
that  the  presence  of  this  initial  crack  does  weaken  the  resistance  of  the  beam  to  diagonal 
tension,  and  thus  increases  the  web  stresses  above  the  crack  and  also  the  vertical  tension 
transmitted  from  the  rod  just  beyond  the  crack,  which  together  cause  the  final  failure  to 
be  of  the  form  shown. 

Beam  No.  61  is  interesting  as  showing  the  effect  of  artificial  cracks  in  a  part  of  the 
beam  where  vertical  shear  exists.     In  making  the  beam,  strips  of  tin  covered  with  paper 
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were  placed  in  the  beam,  forming  vertical  cracks  running  from  the  reinforcing  rods  four 
inches  in  height.  In  this  beam  there  were  thirteen  of  these  cracks  8  inches  apart,  six  of 
them  being  outside  of  the  load  points.  Failure  occurred  in  a  crack  16  inches  outside  of  a 
load  point  in  a  manner  quite  similar  to  that  described  in  the  preceding  paragraph.  The 
crack  showed  at  the  bottom  of  the  beam  at  a  load  of  5,000  lb.  and  extended  to  within  3 
inches  of  top  of  beam  at  the  maximum  applied  load  of  6,600  lb.  The  load  fell  off,  the  crack 
extended,  and  final  failure  occurred  at  a  lower  load.  The  value  of  the  bond  stress  developed 
was  69  lb.  per  square  inch.  Mortar  below  the  rods  was  not  broken  except  at 
these  artificial  cracks.  This  is  lower  than  found  in  the  other  beams,  but  it  must  be 
remembered  that  the  presence  of  the  vertical  artificial  cra.ck  gave  a  different  distribution 
of  web  stresses  from  the  beginning. 

The  failures  here  discussed  indicate  that  there  are  two  types  of  failure  of  bond.     1. 
Slip  from  the  direction  of  the  middle  of  the  span,  with  a  slowly  developing  crack  shghtly 
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Fia.  606.     Sketch  Showing  Failure  of  Beams  Reinforced  with  Tool  Stefl  Bars. 

inclined  from  the  vertical  which  extends  upward  as  the  load  is  increased  to  the  maxi- 
mum load,  growing  still  more  as  the  test  is  continued  at  a  dropping  load,  and  finally  break- 
ing by  splitting  below  and  cracking  diagonaUy  above.  2.  Slip  from  the  end  of  the  beam 
and  a  sudden  failure  at  maximum  load  by  the  formation  of  a  crack  slightly  inclined  from 
the  vertical  and  near  to  the  support  together  with  accompanying  splitting  and  diagonal 
cracking  to  the  top  of  the  beam.  The  characteristic  of  the  first  is  slow  failure  along  a 
crack  which  is  nearly  vertical  and  which  gradually  grows  with  increasing  load,  and  of  the 
latter  a  sudden  failure  through  a  crack  in  a  nearly  vertical  position  not  visible  until  time 
of  failure  is  reached.  It  is  likely  that  both  are  variations  of  a  single  form  of  failure,  the 
former  appearing  when  the  vertical  tensile  strength  of  the  concrete  is  exceeded.  In  failures 
by  diagonal  tension,  the  cracks  formed  are  inclined  more  from  the  vertical  than  are  these 
•cracks.     Again,  attention  should  be  called  to  the  fact  that  the  rods  were  laid  horizontally 
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and  that  there  was  no  vertical  or  diagonal  steel  reinforcement  used.  It  may  be  added 
that  in  none  of  the  beams  made  with  mild  steel  bars  placed  horizontally  was  there  any 
evidence  of  slip  of  bar,  and  Beam  No.  18  developed  193  lb.  per  square  inch  bond  stress. 
An  effort  was  made  to  discover  whether  bond  is  affected  by  grip  of  the  concrete  as 
distinguished  from  adhesion.  In  Beam  No.  56  the  rods  were  wrapped  in  thin  oiled  paper. 
Unfortunately,  in  the  accident  before  described  this  beam  was  broken  in  two,  and  it  seems 
likely  that  any  bond  which  existed  was  greatly  disturbed.  Bond  tests  made  with  the 
same  steel  wrapped  in  paper  in  the  same  way  gave  60  and  56  lb.  per  square  inch  of 
surface,  so  that  it  may  be  expected  that  if  the  beam  had  not  been  injured  the  load 
carried  would  have  been  higher. 

Effect  of  Artificial  Vbbtical  Cracks  and  Spaces 

In  Beams  Nos.  51  and  52  artificial  vertical  cracks  were  formed  as  in  No.  61  except 
that  there  were  only  five  cracks  and  these  were  placed  between  the  load  points  where  the 
shear  is  zero.  Outside  the  load  points  the  beam  then  acted  as  a  normal  beam.  Another 
point  of  difference  was  that  these  cracks  extended  to  the  bottom  of  the  beam.  A  com- 
parison of  the  deformations  with  those  with  normal  beams  shows  little  difference,  a  result 
which  was  to  be  expected  if  the  tensile  strength  of  the  concrete  in  a  horizontal  direction 
is  not  to  be  rehed  on. 

Another  variation  consisted  in  cutting  out  a  space  24  inches  long  and  5  inches  high 
across  the  full  width  of  the  beam — ^thus  leaving  the  rods  exposed,  as  was  done  in  Beams 
Nos.  49  and  52.  Beam  No.  62  was  similar,  the  portion  cut  away  being  16  inch^  long  and 
3  inches  high.  Although  cracks  appeared  at  the  comers  of  these  spaces,  failure  occurred 
outside  of  the  load  points,  and  the  cutting  out  of  these  spaces  apparently  was  not  a  source 
of  weakness.  A  discussion  of  the  deformations  observed  on  the  exposed  bars  will  be  givea 
under  Effect  of  Exposing  Reinforcing  Bars. 

Effect  of  Method  of  LoADiNa 

Considorable  interest  has  been  manifested  by  engineers  in  the  effect  of  method  of 
loading  test  beams.  The  opinion  has  been  advanced  that  a  uniformly  distributed  load 
will  allow  a  higher  moment  of  resistance  to  be  developed,  and  cases  of  tests  with  loads 
formed  of  sacks  of  sand  or  bars  of  iron  have  been  cited  in  support  of  this.  On  the 
other  hand  the  moment  of  resistance  developed  in  beams  loaded  at  the  middle  has 
been  found  to  be  higher  than  was  to  be  expected  if  the  distribution  of  stress  is  as  assumed 
in  the  ordinary  theory  of  flexure.  A  few  beams  were  tested  with  the  view  of  finding  out 
something  concerning  the  effect  of  changing  the  point  of  application  of  loads. 

These  beams  had  1  per  cent,  reinforcement.  No.  5  and  No.  11  were  loaded  at  the 
one-third  points.  No.  21  and  No.  30  were  loaded  at  the  middle  of  the  span  (concentrated 
load).  No.  47  was  loaded  at  eight  points  IJ  feet  apart,  the  load  being  divided  equally 
among  these  eight  points.  In  Nos.  14,  15,  and  18,  the  load  was  applied  equally  at  tvo 
points  7i  feet  apart.  The  behaviour  of  the  beams  which  were  loaded  at  the  one-third 
points  was  of  course  similar  to  what  has  already  been  described.  In  the  beams  loaded  at 
the  middle,  cracks  appeared  under  the  load  on  the  tension  side  early  in  the  test  and 
extended  vertically  higher  until  within  3  and  4  inches  of  the  top  of  the  beam  at  the  max- 
imum load.  As  was  to  be  expected  these  beams  gave  steel-tension  failures.  No.  47, 
loaded  at  eight  points,  failed  at  the  middle  by  steel-tension,  the  cra,ck  at  the  middle  of 
the  span  finally  extending  vertically  to  within  2  inches  of  the  top  of  the  beam.  The 
beams  which  were  loaded  at  two  points  72  feet  apart  failed  by  diagonal  tension  in  the 
concrete  at  the  highest  loads  carried  by  any  of  the  standard  size  of  beams  tested,  and 
hence  developed  the  highest  vertical  and  horizontal  shearing  unit-stress.  In  general, 
then,  it  may  be  said  that  all  of  these  beams  failed  in  the  manner  which  would  have  been 
predicted. 
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The  moment  of  resistance  developed  in  the  beams  which  were  loaded  at  the  middle, 
as  calculated  from  the  maximum  loads  by  the  usual  formulas,  was  higher  than  that  de- 
veloped by  the  other  methods  of  loading,  the  excess  in  No.  21  being  particularly  marked. 
The  fact  that  in  the  tests  made  afterward  on  steel  taken  from  the  beams,  one  rod  of  No. 
30  was  found  to  have  a  yield  point  of  34,600  lb.  per  square  inch,  while  those  from  No. 
21  were  above  42,000  lb.  per  square  inch,  may  be  sufficient  explanation  for  No.  30  not 
developing  so  high  a  moment  of  resistance  as  No.  21.  It  is  evident  from  the  deformations 
measured,  as  well  as  from  the  resisting  moments  developed,  that  the  distribution  of  the 
stresses  in  a  centre-loaded  reinforced  concrete  beam  is  not  as  assumed  in  the  ordinary  theory 
of  flexure.  The  stress  in  the  steel  at  the  middle  of  the  span  evidently  is  less  than  the 
amount  given  by  calculations,  and  at  points  somewhat  away  from  the  middle  the  stress 
in  the  steel  is  greater  than  the  calculated  amount.  The  fact  that  the  load  is  apphed  at 
the  top  of  the  beam  affects  the  distribution.  The  results  of  tests  made  with  centre  load* 
ing  by  various  experimenters  agree  in  showing  that  the  moment  of  resistance  developed 
in  tests  by  centre  loading  is  considerably  in  excess  of  that  obtained  from  calculations 
by  the  theory  of  flexure,  and  that  such  results  may  not  be  reUed  on  for  ordinary  load- 
ing.  Tests  of  beams  loaded  at  or  near  the  one-third  points  agree  in  general  very  closely 
with  the  calculations  based  on  the  theory  of  flexure.  The  one  tested  with  load  applied 
at  eight  points  compares  well  with  the  other  loading  in  a  general  way,  although  the 
moment  of  resistance  developed  was  somewhat  lower  than  for  the  beams  loaded  at  one- 
third  points.  This  was  due  in  part  at  least  to  the  fact  that  all  four  of  the  reinforcing  bars 
in  Beam  No.  47  were  of  steel  with  yield  point  of  only  33,000  lb.  per  square  inch.  It  seems 
proper  to  say,  then,  that  the  results  of  tests  made  with  centre  loading  are  not  compar- 
able with  other  loading,  and  that,  as  centre  loading  is  not  ordinarily  assumed  in  design- 
ing, this  method  of  loading  test  beams  should  not  be  used.  It  seems  proper  to  add  also, 
that  a  loading  at  the  one-third  points  or  thereabout  is  an  allowable  method  of  testing 
and  gives  results  fairly  comparable  with  uniform  loading  so  far  as  the  development  of 
tensile  and  compressive  stresses  is  concerned.  It  does  not  give  as  high  shearing  stresses,, 
and  hence  as  high  diagonal  tensile  stresses,  as  uniform  loading ;  but  this  is  coimteractcd 
by  the  fact  that  with  uniform  loading  these  stresses  remain  high  only  a  short  distance 
from  the  supports,  and  that  in  this  distance  the  resistance  to  such  stresses  is  greater  than 
beyond,  and  also  that  at  a  point  one-eighth  the  span  length  from  the  supports  these  stresses 
decrease  to  less  than  those  of  the  beam  loaded  at  the  one-third  points.  The  convenience 
of  the  latter  method  of  loading  makes  it,  all  things  considered,  the  best  general  form  of 
loading  test  beams. 

Effect  of  Repetition  of  Load 

Most  tests  of  reinforced  concrete  beams  have  been  made  by  applying  the  load  in- 
creasingly until  rupture  takes  place.  It  is  known  that  when  the  load  is  taken  off,  or 
released,  it  will  not  return  to  its  original  position.  Part  of  the  effect  is  due  to  the  fact 
that  a  portion  of  the  weight  of  the  beam  which  had  produced  tension  in  the  concrete 
in  the  lower  part  of  the  beam  must  after  the  failure  of  the  tension  of  the  concrete  have 
the  effect  of  giving  additional  tension  to  the  steel.  A  part  may  be  due  to  the  overcom- 
ing of  initial  or  shrinkage  stresses  in  the  concrete  and  steel.  It  would  seem  that  a  con- 
siderable part  must  be  due  to  the  failure  of  the  concrete  on  the  tension  side  properly  to 
interlock  or  mesh  so  as  to  occupy  its  original  position,  thus  leaving  tension  in  the  steel 
during  the  release  of  the  load,  and  on  the  compression  side  to  the  inability  of  the  con- 
crete to  spring  back  to  its  original  place.  How  much  of  this  effect  may  properly  be  called 
**  set "  cannot  be  discussed  here. 

It  is  not  so  generally  known  that  when  a  load  is  reapplied  the  second  application 
produces  a  different  effect,  both  on  the  compression  side  and  on  the  tension  side  of  tlie 
beam.  It  seemed  important  to  learn  the  effect  of  a  number  of  applications  or  repeti- 
tions of  the  same  load  on  a  beam,  and  repetitions  of  different  loads  were  made  on  Beama 

619 


REINFORCED  CONCRETE 

Nos.  17,  19,  and  29.  In  the  diagrams,  to  secure  clearness  only  a  part  of  the  repetitioDg 
have  been  plotted.    The  number  of  the  application  is  indicated  by  a  figure. 

Beam  No.  17  (1  per  cent,  reinforcement)  was  loaded  with  9,000  lb.  eleven  times. 
This  load  and  the  weight  of  beam  and  loading  apparatus  gave  a  stress  of,  say,  37,000 
lb.  per  square  inch  in  the  steel,  1,400  lb.  per  square  inch  compression  in  the  extreme  fibre 
of  the  concrete,  and  77  lb.  per  square  inch  horizontal  and  vertical  shear.  The  load- 
deformation  diagram  shows  little  increase  or  change  in  the  steel  deformation  after  the 
second  application,  going  and  returning  on  the  same  Une,  but  the  compressive  deformation 
of  the  concrete  increstsed  with  successive  applications  and  releases  of  the  load.  It  should 
be  noted  that  the  compressive  stress  reached  with  this  load  was  fairly  high  for  the  quality 
of  concrete  used.  Upon  the  eleventh  application,  the  load  was  run  up  to  a  maximum 
of  11,100  lb.,  failing  immediately  after  at  a  load  of  10,500  lb.  Although  a  diagonal  crack 
outside  of  the  one-third  point  was  the  outward  cause  of  failure  it  seems  likely  from  the 
high  stress  in  the  steel  (over  40,000  lb.  per  square  inch),  the  shape  of  the  load-deformation 
curve,  and  the  position  of  the  cracks,  that  these  cracks  were  not  the  primary  cause  of 
failure,  but  that  failure  should  be  attributed  to  the  stretch  of  the  steel  beyond  the  yield 
point.  The  cracks  appsared  at  6,000  lb.  at  the  first  application  of  the  load,  and  the  one 
under  consideration  became  somewhat  more  prominent  with  the  repetition  of  the  loading. 

Beam  Xo.  19  (1  per  cent,  reinforcement)  was  loaded  with  6,000  lb.  eight  times  and 
then  with  10,000  lb.  six  times.  The  sixth  time  the  load  was  run  past  10,000  to  a  maxi- 
mum load  of  10,800,  falling  off  to  10,000  and  failing  by  tension  in  the  steel  in  the  middle 
third.  The  stresses  at  the  load  of  6,000  lb.,  together  with  the  weight  of  beam  and  loading 
apparatus,  may  be  estimated  to  be  25,000  lb.  per  square  inch  tension  in  the  steel  and  1,000 
lb.  per  square  inch  compression  in  the  concrete  ;  and  at  the  applied  load  of  10,000  lb., 
38,000  lb.  per  square  inch  tension  in  the  steel  and  1,500  lb.  per  square  inch  in  the  con- 
crete. These  are  high  stresses  at  which  to  test  repetition  of  loading.  The  stress-defor- 
mation curves  indicate  that  the  concrete  was  compressed  well  up  toward  its  crushii^ 
point  at  the  time  of  maximum  load.  Two  diagonal  cracks  appeared  just  outside  the 
middle  third  at  the  first  application  of  the  6,000  lb.  load,  and  upon  the  third  application, 
another  became  visible.  The  crack  in  the  middle,  which  finally  became  the  seat  of  failure, 
appeared  at  the  first  application  of  8,000  lb. 

Beam  No.  29  (2*2  per  cent,  reinforcement)  was  loaded  with  12,000  lb.  fifteen  times, 
and  upon  the  sixteenth  application  the  load  was  increased  to  the  maximum  of  15,900  lb., 
failing  soon  after  at  15,900  lb.  The  stresses  at  the  load  of  12,000  lb.,  together  with  the 
weight  of  beam  and  loading  apparatus,  were,  say,  23,000  lb.  per  square  inch  tension  in 
the  steel,  1,500  lb.  per  square  inch  compression  in  the  concrete,  and  110  lb.  per  square 
inch  vertical  and  horizontal  shear.  Repetition  of  the  loading  gave  greatly  increased  shcrt- 
enings  in  the  upper  fibre  of  the  concrete.  In  considering  this,  the  high  percentage  of 
reinforcement,  and  the  large  values  of  the  compressive  stresses  developed  in  the  concrete 
by  virtue  of  this  reinforcement,  should  be  borne  in  mind.  The  final  failure  of  the  beam 
was  by  compression  at,  say,  1,700  lb.  per  square  inch,  and  at  a  time  when  failure  by  diagonal 
tension  seemed  imminent. 

The  tests  of  these  beams  throw  considerable  light  on  the  effect  of  repeated  application 
of  loads  under  high  stresses  and  point  to  important  conclusions.  The  deflexions  under 
the  last  rep3tition  of  load  were  12  per  cent.,  1*5  per  cent.,  and  30  per  cent,  in  excess  of  those 
obtained  with  the  first  application.  The  source  of  this  increase  is  mainly  on  the  com- 
pression side,  for  the  deformation  observed  in  the  remote  fibre  of  the  concrete  increased 
from  30  per  cent,  to  50  per  cent,  beyond  that  of  the  first  load,  while  the  deformation  at 
the  level  of  the  steel  increased  only  7  per  cent,  to  9  per  cent.,  and  in  one  beam  the  steel 
deformation  ran  backward  and  forward  along  the  same  lines  after  the  second  application. 
The  increments  of  these  changes  in  general  decreased  somewhat  with  the  repetitions. 
It  would  be  interesting  to  know,  with  such  high  stresses  in  the  concrete,  what  would  be 
the  final  effect  of  continued  application  of  the  load.    It  seems  plain  that  the  deformation 
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at  the  level  of  the  steel  does  not  change  much,  and  would  not  change  except  as  it  is  modi- 
fied by  the  changed  distribution  of  the  compressive  stresses.  It  would  also  be  interesting 
to  know  the  effect  of  repetition  of  loads  at  lower  stresses  in  the  concrete.  Since  in  the 
phenomena  of  failure  of  such  materials  as  concrete  the  amount  of  the  deformation  is  cor- 
relative in  effect  with  amount  of  stress,  it  would  likewise  be  of  interest  to  know  the  effect  of 
repetition  of  load  upon  both  denser  and  more  porous  mixtures.  The  results  here  given 
indicate  that  the  compressive  stress  to  be  taken  as  the  basis  of  ultimate  load  in  designing 
beams  should  be  something  less  than  the  ultimate  strength  of  the  concrete.  It  may 
be  added  that  there  was  no  general  marked  growth  in  the  cracks  with  the  repetition  of 
load,  and  a  comparison  of  the  determinations  at  the  maximum  load  with  those  of  other 
beams  of  the  same  make-up  does  not  show  any  special  difference  in  results  due  to  the 
repetition  of  the  application  of  the  load. 

The  deflexion  retained  on  the  first  release  of  load  seems  to  be  nearly  the  same  propor- 
tion of  the  deflexion  due  to  that  load  as  the  deflexion  retained  after  the  last  application 
bears  to  that  under  the  last  load.  This  retained  deflexion  is  from  20  per  cent,  to  35  per 
cent,  of  the  deflexion  under  load.  The  larger  part  of  this  is  due  to  failure  of  the  concrete 
to  return  to  the  original  condition,  the  retained  deformation  of  the  upper  fibre  being  30 
per  cent,  to  50  per  cent,  of  the  deformation  under  load. 

Progressively  Applied  and  Released  Loads 

The  usual  method  of  testing  beams  is  to  apply  the  load  by  increments  until  failure 
occurs.  To  determine  the  effect  of  removing  the  load  as  the  testing  progresses,  in  the 
tests  of  four  beams  the  load  was  released  after  each  application,  the  load  being  increased 
each  time,  generally  in  increments  of  1,000  lb.  Beam  No.  13  had  1  per  cent,  reinforcement 
and  failed  by  tension  in  steel.  Beam  No.  20  (1  per  cent.)  failed  by  diagonal  tension,  the 
diagonal  crack  appearing  at  a  load  of  9,000  lb.,  starting  from  a  point  at  the  bottom  one 
foot  from  a  support.  The  beam  failed  suddenly  at  a  load  of  10,200  lb.,  giving  the  lowest 
shearing  stress  (86  lb.  per  square  inch)  of  any  of  the  beams  made  of  normal  concrete  which 
failed  by  diagonal  tension.  No  explanation  is  offered  for  this  unusually  low  value.  Beams 
No.  24  and  No.  28  had  2*2  per  cent,  reinforcement  and  failed  by  diagonal  tension  of  con- 
crete with  an  average  vertical  shearing  stress  of  116  lb.  per  square  inch  in  the  concrete 
and  at  a  high  compressive  stress.  The  phenomena  accompanying  the  tests  of  these  beams 
did  not  differ  from  those  of  beams  of  similar  make-up  tested  in  other  ways  ;  appearance 
of  cracks,  position  of  neutral  axis,  manner  of  failure,  amount  of  deflexion,  etc,  were  not 
noticeably  different.  The  effect  on  the  load-deformation  curves  and  deflexion  curves 
is  interesting.  Upon  release  of  load  the  beam  does  not  return  to  its  original  shape,  but 
retains  a  part  of  the  deformation  and  deflexion.  The  amount  of  this  retained  deforma- 
tion increases  with  the  amount  of  the  load,  though  the  amount  of  increase  for  the  deforma- 
tion at  the  level  of  the  steel  is  less  than  that  at  the  upper  fibre  of  the  concrete.  In 
general  it  may  be  said  that  the  retained  defiexion  after  a  given  load  ranged  from  20  per 
cent,  to  35  per  cent,  of  the  total  deflexion  for  that  load.  The  retained  deformation  for 
the  upper  fibre  ranged  from  25  per  cent,  to  40  per  cent,  of  the  deformation  under  load ; 
this  percentage  increasing  somewhat  with  the  increase  of  the  load.  The  retained  deforma- 
tion of  the  steel  ranged  from  8  per  cent,  to  30  per  cent.,  this  percentage  being  smaUer 
for  the  larger  loads. 

An  important  feature  shown  in  the  load-deformation  curves,  and  one  which  has  a 
bearing  on  the  calculation  of  stresses  in  beams,  is  the  effect  of  the  release  of  load  upon 
the  general  form  of  the  curve.  Although  upon  the  reapplication  of  a  load  the  deforma- 
tion is  greater  tha.n  that  at  the  first  appUcation  of  this  amount,  yet  upon  the  appHcation 
of  larger  load,  the  deformations  return  to  the  general  form  of  the  curve.  In  fact,  the 
oitline  of  the  curves  conforms  very  closely  both  in  shape  and  amount  to  those  formed 
without  release  of  load,  all  differences  being  explainable  by  variations  in  properties  of 
the  concrete.    This  is  further  evidence  that  in  the  calculation  of  stresses,  in  the  determina- 
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tion  of  the  position  of  the  neutral  axis,  and  in  the  determination  of  the  modulus  of  elasticity, 
gross  deformations  and  not  net  or  elastic  deformations  give  results  most  nearly  repre- 
sentative of  conditions  in  the  beam  and  should  be  used  in  the  design  of  beams.  The 
effect  found  in  repetition  of  loading  adds  weight  to  his  conclusion. 

No  difference  in  method  of  failure  or  in  appearance  ol  cracks  from  that  of  similar 
beams  was  found  by  the  use  of  this  method  of  applying  loads.  The  x>oBition  of  neutral 
axis,  calculated  from  gross  deformations,  agrees  with  other  methods  of  applying  loads. 
The  set  on  the  tension  side  is  probably  mostly  due  to  the  failure  of  the  particles  of  concrete 
to  interlock,  and  tension  is  thus  left  in  the  steel.  Some  part  of  this  failure  to  return  to 
original  position  is  due  to  the  added  stress  in  the  steel  due  to  its  taking  a  further  part  of 
the  weight  of  the  beam  after  the  concrete  has  failed  in  tension,  and  a  part  may  be  doe 
to  the  removal  of  initial  stresses  existing  in  the  concrete.  On  the  compression  ^e  most 
of  the  set  is  due  to  the  plastic  nature  of  concrete,  though  part  seems  to  be  of  the  nature 
of  a  final  stress  in  the  material.  Whatever  it  is,  the  application  of  a  greater  stress  carriei 
the  material  to  the  same  point  it  would  have  gone  to  with  a  continuously  applied  load. 
This  phenomenon  is  worthy  of  further  study. 

Effect  of  Rest  afteb  Release  of  Load 

An  effort  was  made  to  determine  to  what  extent  the  deflexions  and  deformations 
remaining  in  the  beam  after  the  load  had  been  released  were  permanent,  or  in  other  words, 
to  find  whether  the  beam  returned  toward  the  original  position  within  a  given  intenral 
of  time.  Beam  No.  23  (1  per  cent,  reinforcement)  was  loaded  with  6,000  lb. ;  the  load 
was  then  released  and  the  deflexions  and  deformations  measured  at  intervals  extending 
over  a  number  of  hours.  The  calculated  stress  in  the  steel  at  this  load  including  weight 
of  beams  was  25,000  lb.  per  square  inch,  and  that  in  the  concrete,  say,  1,000  lb.  per  square 
inch.  Beam  No.  27  (*74  per  cent,  reinforcement,  6,000  lb.  load,  calculated  stress  in  steel 
33,0001b.  per  square  inch,  and  in  concrete  1,150  lb.  per  square  inch).  No.  31  (a  broken 
beam,  load  of  8,000  lb.)  and  No.  50  (1  per  cent,  reinforcement,  2,000  lb.  load,  calculated 
latress  in  steel  11,000  lb.  per  square  inch,  and  in  concrete  450  lb.  per  square  inch)  were 
tested  in  the  same  way.  The  results  of  these  tests  are  in  some  respects  not  satisfactory. 
It  was  not  appreciated  in  advance  that  changes  in  temperature  would  have  so  great  an 
effect  upon  the  brass  rods  used  in  the  extensometer  device.  The  cathetometer  observa* 
tions  of  deflexions  gave  constant  readings  except  for  one  or  two  sudden  changes  which 
it  seems  must  have  been  due  to  a  change  at  the  instrument  rather  than  in  the  beam.  Greater 
reUance  may  be  placed  on  the  results  by  the  thread  method  of  determining  deflexions  of 
the  beam.  From  observations  made  with  the  thread  the  indications  are  that  the  beams 
made  no  appreciable  recovery  of  the  set  formed  in  the  beam  even  after  periods  of  15  to 
40  hours  of  rest.  This  is  not  what  might  be  exx)ected,  and  it  should  not  be  accepted  as 
«  conclusion  without  confirmation  by  other  tests. 

Effect  of  Retention  of  Load 

To  determine  the  effect  of  retaining  a  load  for  a  time  longer  than  that  of  the  ordinaiy 
test,  four  beams  were  kept  in  the  machine  for  periods  ranging  from  20  to  38  hours,  and  the 
deflexions  and  deformations  observed.  It  was  found,  as  was  to  be  expected,  that  the 
load  indicated  on  the  scale  beam  of  the  machine  usually  dropped  down  somewhat, 
decreasing  during  the  first  three  hours  as  much  as  1,200  lb.  for  an  original  load  of  8,000 
lb.  Part  of  this  was  due  to  a  decrease  in  the  deflexion  of  the  beam,  although  no  motion 
of  the  gears  of  the  machine  could  be  detected.  Each  time  that  observations  were  made 
the  load  remaining  on  the  beam  was  first  noted,  and  then  the  extensometdrs  and  the 
deflexion  were  read.  A  careful  search  was  then  made  for  cracks  which  might  have 
developed,  and  then  the  original  load  was  applied,  after  which  the  extensometers  and 
deflexion  were  read  again.  The  load  was  retained  as  nearly  as  possible  in  this  manner 
for  various  lengths  of  time,  after  which  the  load  was  increased  until  the  beam  failed. 
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While  the  stress  in  the  steel  at  the  retained  loads  was,  say,  29,000,  32,000, 18,000,  and 
28,000  lb.  per  square  inch,  respectively  (not  including  weight  of  beam),  there  was  little 
effect  shown  in  the  stretched  concrete  by  changes  in  appearance  or  growth  of  cracks.  In 
Beam  No.  26  the  first  crack  became  visible  after  the  load  of  5,000  lb.  had  been  retained  25 
hours,  but  the  stretch  in  the  steel  at  this  load  is  about  the  average  stretch  at  which  cracks 
became  visible  in  these  beams.  In  Beam  No.  22  a  crack  which  had  been  noted  on  one  side 
of  the  beam  became  visible  on  the  other  side,  and  a  new  crack  was  found  during  the  reten- 
tion of  the  load,  but  this  was  at  a  load  which  indicates  a  stress  of  32,000  lb.  per  square 
inch  in  the  steel.  In  general,  little  effect  in  the  appearance  and  growth  of  cracks  was  noted. 
The  change  in  deformations  and  deflexions  during  the  retention  of  load  are  not  repro- 
duced in  the  diagrams,  as  the  changes  in  temperature  of  the  measuring  apparatus  rendered 
the  observations  irregular  and  somewhat  untrustworthy.  The  increase  in  the  deflexion 
during  the  retention  of  the  load  was,  for  Beam  No.  16, 18  per  cent. ;  for  Beam  No.  22, 12  per 
cent. ;  for  Beam  No.  26,  35  per  cent. ;  and  for  Beam  No.  36,  28  per  cent,  of  the  amount  of 
the  deflexion  when  the  load  was  first  applied.  The  observations  show  that  the  deforma- 
tion in  the  steel  and  that  in  the  upper  fibre  of  the  concrete  are  both  increased,  the  increase 
being  greater  for  the  compression  side.  The  average  of  the  increase  in  the  steel  deforma- 
tion for  Beams  Nos.  16, 26  and  36  is  15  per  cent.,  and  that  for  the  upper  fibre  of  the  concrete 
is  41  per  cent,  of  the  amount  of  the  deformations  when  the  load  is  first  applied.  It  appears 
that  at  the  beginning  of  the  test  the  deformation  in  the  steel  increases  more  rapidly  than 
that  in  the  compression  side  of  the  beam,  and  the  neutral  axis  rises  somewhat.  Later 
the  deformation  in  the  steel  decreases  and  that  on  the  compression  side  increases  con- 
siderably, and  the  neutral  axis  reaches  a  position  lower  than  its  first  position.  While  the 
values  observed  may  not  be  quantitatively  correct,  it  is  felt  that  the  general  results  are 
worthy  of  consideration.  It  may  be  added  that  no  effect  of  the  retention  of  the  load  was 
apparent  in  either  the  form  of  failure  or  the  amount  of  the  maximum  load.  It  is  worthy 
of  note  that,  except  in  Beam  No.  36,  in  which  the  retained  load  was  well  up  toward  the 
maximum,  the  load-deformation  curves  and  deflexion  curves  rise  upward  upon  the 
application  of  larger  loads  after  a  load  has  been  retained,  and  finally  take  the  general 
shape  of  such  curves  for  progressively  applied  loads,  much  as  was  found  to  be  the  case 
with  curves  for  released  loads. 

Effect  of  Position  of  Reinforcing  Bab8 

A  few  test  beams  were  made  to  learn  something  of  the  effect  of  bending  the  reinforc- 
ing bars  into  parabolic  and  trapezoidal  form  with  bends  at  ^  points.  These  beams  were 
not  designed  with  an  amount  of  reinforcement  or  a  relation  of  depth  to  span  which  would 
develop  the  full  diagonal  tensile  strength  of  the  concrete,  and  hence  these  tests  have  no 
bearing  upon  the  efficacy  of  bending  up  bars  to  aid  in  taking  the  diagonal  component  of  the 
stresses.  Moreover,  all  of  the  bars  were  bent  up.  The  bars,  particularly  in  the  parabolic 
form,  were  bent  up  from  points  too  near  the  middle  of  the  span  to  get  high  loads.  The  tests 
are  chiefly  of  value  in  the  peculiarity  of  the  place  and  form  of  failure.  Although  failure 
took  place  at  vertical  cracks  with  an  outward  appearance  of  steel-tension  failures,  these 
cracks  appeared  generally  outside  the  load  points.  In  Beam  No.  48  a  vertical  crack  ap* 
peared  at  a  point  about  half-way  between  one  load  point  and  the  support  at  a  load  of 
6,000  lb.  and  extended  upward  to  the  steel.  At  7,000  lb.  this  crack  had  risen  further  and 
a  small  crack  branched  out  from  it  and  ran  along  the  Une  of  steel  for  about  10  inches.  At 
the  same  time  a  second  vertical  crack  appeared  at  a  point  about  half-way  between  the 
other  support  and  load  point.  At  the  maximum  load,  9,300  lb.,  these  vertical  cracks  had 
reached  nearly  to  the  top  of  the  beam.  The  load  then  rapidly  decreased.  The  cracks 
along  the  steel  were  flne  cracks  and  did  not  open  up.  The  calculated  stress  in  the  steel 
within  the  middle  third  was  33,000  lb.  per  square  inch,  which  is  about  the  elastic  Umit  of 
the  steel  used  in  these  five  beams.  It  would  seem  that  the  stress  at  the  vertical  crack 
must  have  been  less  than  this.    Beam  No.  63  failed  in  the  same  way,  except  that  the  maxi- 
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mum  load  was  7,400  lb.,  and  the  stress  must  have  been  less  than  in  No.  48.  Beam  No.  58 
having  bars  bent  in  parabolic  form  failed  in  a  similar  manner  with  a  maximum  load  of 
8,900  lb.  Beam  No.  59,  also  with  bars  bent  in  parabolic  form,  failed  at  cracks  near  the 
load  points  at  a  maximum  of  8,900  lb.  Beam  No.  54,  also  with  bars  bent  up  in  parabolic 
form,  was,  unlike  the  foregoing,  tested  with  centre  loading  and  failed  at  a  vertical  crack  at 
a  load  of  6,600  lb.  The  information  concerning  these  beams  is  not  explicit  enough  to  tell 
whether  any  of  them  failed  by  other  cause  than  failure  of  the  steel  in  tension.  It  would 
be  interesting  to  know  whether  slipping  of  the  bars  occurred  in  any  of  these  beams. 

Effect  of  Lean  and  Abnormal  Concbetes 

These  tests  are  of  interest  in  showing  the  direction  of  the  effect  of  poor  workmani^ip 
and  lean  mortar.  Beams  Nos.  39  and  40  were  made  of  concrete  which  was  mixed  about 
one-third  as  much  as  that  for  the  ordinary  beams  and  was  not  so  well  rammed.  On  account 
of  the  poor  mixing,  patches  of  immixed  material  could  be  detected,  and  the  sand  grains 
and  stone  were  not  well  coated.  They  failed  suddenly  by  diagonal  tension  at  maximum 
applied  loads  of  7,000  lb.  and  8,800  lb.  (vertical  shearing  stress  of  62  and  78  lb.  per  square 
inch  including  weight  of  beam,  etc).  As  normal  beams  with  the  same  reinforcement  broke 
by  failure  of  steel  at  loads  from  9,500  to  11,000  lb.,  and  as  diagonal  tension  corresponding 
to  a  vertical  shear  of  125  lb.  per  square  inch  was  developed  in  the  normal  beams  before 
failure  by  diagonal  tension  occurred,  it  will  be  seen  that  the  effect  of  poor  mixing  on  the 
resistance  to  diagonal  tension  is  quite  marked. 

Beams  Nos.  41  and  42  were  made  to  see  the  effect  of  using  lean  concrete  in  the  lower 
half  of  the  beam,  the  part  whose  chief  function  is  to' transmit  stresses  from  the  tension 
of  the  steel  to  the  compression  area  of  the  concrete ;  in  other  words,  to  act  as  a  web. 
In  these  two  beams  the  lower  5^  inches  of  the  beam  was  made  of  concrete  with  1  part  cement 
6  parts  sand  and  12  parts  stone  by  loose  volume,  and  the  upper  5^  inches  was  made  of  the 
usual  1:3:6  mixture.  The  top  layer  was  placed  over  the  leaner  concrete  in  the  usual 
manner.  Beam  No.  41  broke  by  diagonal  tension  of  the  concrete  (sudden)  at  a  maximum 
load  of  8,800  lb.  Beam  No.  42  broke  in  the  same  way  at  a  maximum  load  of  6,000  lb. 
The  calculated  vertical  shearing  stresses  (including  weight  of  beam,  etc.)  site  75  and  57 
lb.  per  square  inch,  respectively,  as  compared  with,  say,  125  lb.  per  square  inch  in  normal 
beams.  Considering  that  the  diagonal  tensile  resistance  develoi)ed  is  proportional  to 
these  vertical  shearing  stresses,  it  is  evident  that  the  richness  and  the  strength  of  the  con- 
crete have  much  to  do  with  its  ability  to  resist  diagonal  or  web  stresses.  The  importance 
of  quality  of  concrete  for  the  purpose  of  resisting  diagonal  stresses  is  not  usually  recognized, 
and  this  element  should  be  considered  even  when  metallic  web  reinforcement  is  used. 

Beams  Nos.  43  and  44  (1 :  3 : 6  concrete)  were  made  with  "  planes  of  set  " ;  that  is,  the 
bottom  of  the  beam  was  made  and  allowed  to  set  before  finishing  the  construction  of  the 
beam.  In  Beam  No.  43  a  1-inch  layer  of  concrete  was  placed  in  the  bottom  of  the  form, 
the  rods  were  imbedded  half  their  thickness,  the  layer  left  untamped,  and  this  layer  left 
to  set  for  24  hours.  The  remainder  of  the  depth  of  the  beam  was  then  built  as  usual. 
It  will  be  seen  that  this  is  a  severe  condition.  In  Beam  No.  44  the  bottom  5}  inches 
of  the  beam  was  built  as  usual,  except  that  the  top  surface  was  roughened  with  the 
point  of  a  trowel  and  was  left  to  set  for  24  hours,  when  it  was  completed  in  the  usuid 
way.  Beam  No.  43  failed  at  a  vertical  crack  at  1  foot  from  the  centre  at  a  maximum 
applied  load  of  9,300  lb.  in  a  manner  and  with  a  calculated  stress  which  indicates  a  steel- 
tension  failure.  The  load  is  no  lower  than  that  in  some  normal  beams  made  with  the 
same  low  steel  bars.  How  much  more  stress  the  "  plane  of  set  "  would  have  stood  is  not 
known.  The  bond  developed  is  calculated  as  101  lb.  per  square  inch  of  steel  surface. 
Beam  No.  44  failed  by  diagonal  tension  of  the  concrete  at  a  maximum  applied  load  of 
9,400  lb.  A  vertical  crack  extending  to  the  level  of  the  steel  appeared  3  ft.  from  one 
support  at  8,000  lb.,  and  the  diagonal  crack  causing  failure  originated  at  this  point.  The 
calculated  vertical  shearing  stress  at  a  load  of  9,400  lb.  is  60  lb.  per  square  inch. 
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Nothing  is  known  which  would  connect  the  diagonal  tensile  stress  corresponding  to 
this  low  value  of  vertical  shear  with  the  manner  of  making  the  beam,  and  no  explanation 
is  offered  of  the  cause  of  the  failure  of  this  beam  by  diagonal  tension  of  the  concrete  at 
80  low  a  stress. 

Effect  of  Exposing  Ueinfobcino  Bars 

In  the  construction  of  three  beams,  no  concrete  was  put  in  a  space  at  the  bottom 
on  either  side  of  the  middle,  thus  making  an  opening  like  a  flat  arch  extending  to  the 
centre  of  the  depth  of  the  beams,  and  leaving  the  reinforcing  rods  exposed  for  a  length 
of  16  to  24  inches.  Deformations  were  taken  both  on  the  exposed  portion  of  the  rein- 
forcing rods  and  on  the  usual  gauged  length  of  42  inches.  The  gauged  length  used  for 
the  extensometer  on  the  exposed  rods  was  8  inches.  The  following  Table  gives  the  stresses^ 
calculated  from  the  observed  deformations  for  the  usual  gauged  length  and  for  8  inches 

Stbessbs  nr  Stbel  in  Beams  having  Tool  Steel  Reinforcement  with  Bars 

Exposed 


1 

Load  considered 

Stress  in  Steel, 
lb.  per  sq.  in. 

Beam  No. 

From  resisting 
moment 

From  elongations  in 

Exposed  steel 

Exposed  and 
encased  steel 

49 
G2 

8,000 
8,000 
8,000 

26,900 
26,100 
26,100 

23,000 
26,200 
26,800 

27,000 
29,400 
23,100 

Average 

26,000 

24,700 

20,000 

on  the  exposed  rods,  as  well  as  the  stresses  calculated  from  the  bending  moments  by  the 
formulas  heretofore  given:  The  three  stresses  compare  very  favourably.  If  allowance 
were  made  for  the  portion  of  the  weight  of  the  beam  which  alter  the  concrete  has  broken 
in  tension  has  the  effect  of  adding  to  the  deformation  of  the  part  of  the  steel  bar  which 
is  embedded  in  the  concrete,  the  stress  in  the  last  column  would  be  smaller,  and  the  agree- 
ment would  be  closer.  It  should  be  noted  that  this  effect  of  the  breaking  of  the  concrete 
in  tension  does  not  affect  the  exposed  steel  observation,  and  hence  the  stress  in  the  steel 
should  compare  with  that  calculated  from  the  moment  of  the  applied  load  only.  This 
agreement  is  what  is  to  be  expected  from  the  usual  assumption  that  the  deformation  in 
the  concrete  at  the  level  of  the  steel  is  the  same  as  that  in  the  steel. 

It  is  of  interest  to  compare  the  effect  upon  the  exposed  steel  and  upon  the  encased 
st3el  when  the  load  is  released.  In  Beam  No.  49,  after  a  load  of  9,000  lb.  had  been  applied, 
the  load  was  released  and  readings  taken.  As  usual  the  observations  indicated  retained 
deformations  in  the  42-inch  gauged  length,  but  the  instrument  on  the  exposed  rods  returned 
almost  to  the  original  reading.  The  retained  deformation  indicated  by  the  extensometer 
on  the  exposed  rod  amounted  to  -000023,  corresponding  to  a  stress  of,  say,  690  lb.  per 
square  inch. 
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4  M  in.Plain  round  Bars 

.M  PER  cewT  Mild  steel 

LOADED  AT  ONE-THmO  POINTS 
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BEAM  NO.    17 
«  M  -ift.PiA)N  Round  Bars 

.M  PC*  CENT  Mild  steel 
loaded  at  one-thikd  points 
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«  X  •in.Plain  Round  Bars  - 
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■     .M  PflfCENT  WitO  srift 
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Appendix  VII 

PERMANENT   AND    FIRE-RESISTING    MOULDS   FOR   COLUMNS 

In  the  erection  of  the  reinforced  concrete  factory  for  the  Bush  Terminal  Company, 
Sooth  Brooklyn,  N.Y.,  an  interesting  and  novel  method  of  column  moulding  was  used. 
Permanent  fire-resisting  moulds  were  used  in  which  the  columns  were  cast.  These  moulds 
were  of  reinforced  concrete  hollow  cylinders  from  12  in.  to  30  in.  diameter  inside,  according 
to  the  size  of  the  column  ;  they  were  1^  in.  thick,  and  about  30  in.  long.  The  first  step 
in  the  construction  of  these  shells  was  to  wind  a  steel  wire,  -^  to  -^  in.  diameter,  to  a 
helical  form,  with  a  hitch  of  2  to  3^  in.,  on  a  collapsible  mandril,  about  4  feet  long, 
which  was  mounted  on  a  horizontal  axis  and  turned  by  hand,  while  the  wire  was  fed  over 
it  under  moderate  tension.  The  mandril  had  a  wooden  shaft,  to  which  were  attached 
eight  equi-distant  radial  wooden  plates  or  diaphragms,  with  their  outer  edges  forming 
elements  of  the  required  heHx.  Two  pairs  of  these  diaphragms  were  made  with  a  hinge 
joint  near  the  outer  edge  parallel  to  the  axis,  so  that  after  the  skeleton  of  the  mould  was 
formed  on  it  they  could  be  collapsed  to  facilitate  its  removal. 

After  the  wire  was  on  the  mandril,  a  sheet  of  expanded  metal,  cut  to  the  proper 
dimensions,  was  wrapped  round  it  with  the  longitudinal  edges  lapping  a  few  inches,  and 
carefully  wired  together  and  to  the  helix  at  alternate  points.  This  metal  framework  was 
removed  from  the  mandril,  taken  to  a  casting  floor,  and  centred  inside  a  vertical  cyhn- 
drical  mould  made  of  wood  and  Uned  with  zinc.  This  mould  was  made  in  halves,  keyed 
together  with  octagonal  horizontal  flanges  at  both  ends.  It  was  set  on  a  horizontal  plat- 
form, and  the  space  between  the  metal  core  and  the  mould  was  filled  with  1 : 6  concrete, 
made  with  fine  cinders  and  Portland  cement.  After  it  had  set  eighteen  hours,  the  moulds 
were  stripped  and  the  concrete  shells  were  removed  for  storage  to  be  used  in  the  building. 
The  large  shells  weighed  about  160  lb.  each,  and  were  easily  handled  by  a  pair  of  wire  loops 
attached  to  the  hehx  and  eventually  embedded  in  the  column.  The  concrete  filled  into 
the  moulds  was  mixed  1:2:4,  mixed  wet,  by  a  Ransome  mixture.  The  particulars  given 
above  are  taken  from  the  Engineering  Record  of  March  3,  1906.  The  moulds  were  practi- 
ccdly  reinforced  concrete  pipes  such  as  are  made  by  various  makers,  but  put  to  a  novel  use, 
saving  the  cost  of  ordinary  moulds,  enabling  the  column  to  be  loaded  at  once,  and  efficiently 
protecting  it  against  fire  by  the  superior  resistance  of  the  cinder  concrete.  The  stone  con- 
crete forming  the  core  was  alone  relied  upon  for  resistance  to  stress.  The  addition  of 
longitudinal  rods,  easily  made,  would  have  added  to  the  strength  of  the  column  to  resist 
flexure,  but  the  lengths  in  this  case  were  small  as  compared  to  the  diameters. 
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Abattoirs  at  Alexandria,  478 

Aberthaw  Construction  Company,  vault  lights,  550 

Abutments,  bridge,  Meiiller,  Marx  &  Co.,  92 

Walser  Gerard,  524 
Acceptance  Tests,  26 
Accident  to  Madrid  Reservoir,  25 
Accidents,  25 
Achdres,  Gallery  de  Argenteuil  (Coignet),  41 

Sewerage  farm,  pipes  for,  33 
Acids,  effect  on  concrete,  8 
Action    of    "  expanded    metal "     under    tensile 

stresses,  54 
Adaptability  of  reinforced  concrete  for  pipes,  etc.,  8 
Adherence  of  concrete  and  metal,  237,  307 

to  moulds,  prevention  of,  152 
Adhesive  strength  of  Portland  cements,  test  for, 

127 
Advantage  of  **  expanded  metal  '*  as  a  reinforce- 
ment, 54 
Advantages    and    disadvantages    of    reinforced 
concrete,  4 
of  hinged  arches,  216 
of  Maciachini  system,  75 
of  Matrai  system,  78 

of  using  reinforcements  to  support  moulds, 
168 
Aggregate  and  proportions  of,   133,  135 
Alexandria  cattle  market  and  abattoirs,  478 
Alkalies,  effect  on  concrete,  8 
Altare,  Italy,  arched  bridge  at,  525 
American    Company    for    Cottan^in    system,    48 
representative    of    Hennebique    system,    68 
American  Concrete  Steel  System,  30 
Amsterdamsch  Fabriek    von  ciment-ijzerwerken, 
105 
Turret  stairway,  457 
Anchor  piles,  551 

Anglade  and  Souleyre,  experiments  on  elasticity 
of   concrete    under    compression,    224 
Annapolis  Chapel,  456 
Annular  Sections 

Apparatus   for   curving,   etc.,   Bonna  pipe   rein- 
forcements, 180 
Bordenave  reservoir  reinforcements,  177 
for  transp>ort  of  materials,  185 
Appearance,  14 

Aqueduct  bridge,  Pavin  de  Lafarge,  93 
at  Frenvilliers,  Switzerland,  501 
for  Simplon  tunnel  works,  499 
Aqueducts,  Chaudy,  38 

La  Soci^t^  des  Chaux  et  Cimentsdes  Crdches, 

38 
of  horseshoe  section,  methods  of  construction, 

183 
Large  circular,  methods  of  construction,  183 
Arch  centering  supported  by  stirrups  from  rein- 
forcements (Meletn),.  170 


Arched  bridge  at  Altare,  Italy,  525 

over  Canal  du  Midi,  Toulouse,  33 

at  Ch&tellerault,  France,  167 

(Considdre),  510 

over   Eastern  Railway  of   France,   538 

with  three  hinges,  535 

over  Golbardo  River,  Spain,  542 

Hyde  Park,  New  York,  540 

at  Maine,  U.S.A.,  532 

at  Micres,  Spain,  535 

at  Perpignan,  527 

over  Quay  D6billy,  Paris,  519 

at  Ybbs,  Austria,  541 
Arched  bridges  (Coignet),  41 

Hennebique,  67,  516 

in  India,  603 

Melan,  525,  528 

Monier,  88 

Wunsch.  117 
Arched  floors,  **  expanded  metal,"  55 

"  Expanded  metal,"   falsework  for,   170 

Habich  or  Thomas  and  Steinhoff,  58 

Hennebique,  60 

Melan,  83 

Melan,  falsework  for,  171, 

Monier,  88 

Roebling,  101,  102 

Wiinsch,  117 
Arched  footbridge  near  Copenhagen,  530 

over  railway  at  Neunkirchen,  630 
Arches,  behaviour  of,  under  loading,  303 

Cain's  (Professor)  treatments  of,  409,  413 

Calculations  for,  409 

Construction  of,  194 

Curves  for  design  of,  415 

Description  of,  28,  182 

Effect  of  bending  moment  on,  410 

Hennebique  for  floors,  example  of,  452 

Hinged,  Melan  reinforcements  for,  182 

at  springing,  423,  428 
Hinges  for,  215 
Hollow,  falsework  for,  167 
large  span^  calculations  for,  409 
large  span,  reinforcements  for,  182 
Melan's  (Professor)  calculations  for,  437 
Melan  for  floors,  example  of,  450 

Falsework  for,  165,  170 
Methods  of  finding  pressure  curves  in,  413 
Monier,  falsework  for,  165 
Pavin  de  Lafarge,  97 

Calculation  for,  97 
Pressinre  curve,  413 
Provision  for  temperature  stresses,  427 
Ransome,  100 
Reinforced  with  heavy  sections,  construction 

of,  195 
Reinforcement  of,  29 
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Arches,  Roebling,  101 

Small  span,  calculations  for,  408 
Striking  of  centers,  196 

Teste  to  fedlure  by  Austrian  Society  of  En- 
gineers, etc.,  18 
Thickness  of,  414 

Three-hinged  pressure  curve  in,  425 
Thrust  in  when  springings  at  different  levels, 

414 
with  ribs,  construction  of,  196 
with  ribs,  falsework  for,  167 
without  ribs,  falsework  for,  165 
without  hinges,  method  for  finding  pressure 

curve,  414 
Wiinsch  for  floors,  example  of,  451 
Argenteuil  Gallery,  pipes  through,  33 
Ariel  rope-ways  used  for  transport  of  materialsy 

186 
Asies  for  concrete,  132 
Atlantic  City,  Hotel  at,  Frontispiece 
Atmosphere,  effect  of  chcmges  of,  19 
Attachments,  **  expanded  metal,"  56,  57 

between    members    of   bowstring   reinforced 

bridge,  564 
Matrai  system,  79 

for    securing    falsework    to    reinforcements, 
Matrai,  169 
Melan,  171 
for  transverse  reinforcements,  175 
Austrian  Commission  on  arches,  tests  to  failure,  18 
Austrian   engineers   and   architects*    experiments 
under  direct  compression,  277 

Baches  experiments  on  the  elasticity  of  concrete 

under  compression,  223 
Bad   ground,   advantage   of  reinforced   concrete 
foundations  in,  15 

Tables  showing  influence  of  granular  com- 
position of  sand,  131 
Bangor,  U.S.A.,  bridge  at,  532 
Banks  of  canal,  protection  of,  551 

of  river,  protection  of,  554 

river  and  canal,  protection  of  slopes, 
MoUer,  84 
Rabitz,  99 
Bars,  cross-section,  Bonna,  32 
Baths  at  Chelsea,  488 
Bauschinger  and  de  Joly,  experiments  on  adhesion 

of  concrete  to  metal,  237 
Beams,  Bousseron  and  Garric  system,  35 

Chaudy  system,  36 

Coignet  system,  39 

Cottan9in  system,  45 

Coularou  system,  48 

D6gon  system,  50 

Demay,  52 

De  Vallidre,  Simon  &  Co.,  108 

Gaetano  Lanjas  tests,  268 

Harding's  tests  272 

Hennebique,  60 

Howe*s  tests,  271 

Kahn,  69 

MfiK^iachini,  construction  of,  75 
Tests  of,  76 

Marburg's  tests,  267 

Matrai,  78 

Moller,  fish-bellied,  84 

Pavin  de  Lafarge,  92 

Ransome,  99 

Sanders,  105 

Siegwert,  106 

Talbot's  tests,  254,  606,  626 

Talbot's  tests,  1905,  remarks  on,  614 

Tumeaure's  tests,  264 


Beams,  Walser-G^rard,  111 
Warren's  tests,  321 
Wayss  imd  Freytag,  86 
Williams,  115 
Tests  on  Williams,  115 
Visintini,  110 
Behaviour  of  singly  reinforced,  under  flexure^ 

294,  297 
for  bridges,  falsework  for,  165 
Construction  of,  188 
Experiments  on — 
Christophe's,  248 
Harding's,  272 
Hatt's,  252 
Howe's,  271 
Lanza's,  268 
Marburg's,  267 
Sander's,  271 
Talbot's,  254 
Tumeaure's,  264 
Falsework  for,  156 
for  hollow  floors,  falsework  for,  163 
First  introduction,  2 
Moulded  in  advance,  198 
Protection  of  (Columbian  Fire-proofing  Com^ 
pany),  42 
of  Roebling,  103 
Rectangular,  behaviour  of  under  flexure,  297 
Calculations  for  shearing,  378 
with  double  system  of  reinforcement. 

Calculations  for,  354 
with  single  system  of  reinforcement, 

Calculations  for,  349 
Nature  of  failure,  297 
Width  of,  353 
Reinforcement  of,  27 

Bonna,  32 
with   large   section   reinforcements,   calcula- 
tions for,  375 
with     sjnnmetrical      reinforcements,     usual 

method  of  calculation,  386 
T.,  behaviour  of,  under  flexure,  304 
T-Bhap3d,  Calculations  for,  362 
Width  of  leg,  304 
Width  across  table,  362 
Nature  of  failure,  304 
Bearing  power  of  piles,  326 
Bedding  of  slabs  made  in  advance  on  the  beaiES» 

198 
Behaviour  of  arches  under  loading,  305 

Elastic,  of  reinforced  pieces  under  bending, 

314 
of  Hooped  bowstring  bridge  under  tests,  563 
of  Rectangular  beams  under  flexure,  297 
of  singly  reinforced  pieces  under  flexure,  297 
of  slabs  under  flexure,  296 
Bellancourt,  elevated  water  tower  at,  492 
Bending,   behaviour  of  singly  reinforced  pieces 
under,  297 
And  direct  stress  combined,  calculation  for 

pieces  subjected  to,  428 
Direct   stresses,    calculation   of   pieces  sub- 
jected to,  337 
Experiments  on  pieces  under,  242-274 
Moments,  328 

Effect  on  arch  ring,  410 

Equalization  of,  Matrai  system,  79 

for  a  lo£ul  gradually  increasing  from  one 

end  of  a  piece  to  the  other,  332 
for  a  piece  built  in  at  the  ends,  328 
for  a  piece  supported   at  one  end  and 

fixed  at  the  other,  330 
for  a  piece   passing    over   several   sup- 
ports, 331 
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Bending  Moments  on  slabs,  333 

on  slabs,  diagrams  giving  coefficients 
for,  33 

Moment  and  thrust,  relation  of,   in  pieces 

under  direct  stress  and  bending,  410 

Bending,     shearing    stress,     calculations     of    in 

piece  subjected  to,  378 
Bins,  pressures    on   sides    and    bottoms    of,   326 
Blakely  calculations  for  beams,  401 
Boiling  test  for  constancy  of  volume  of  Portland 

cement,  124 
Bolts  holding  wall  moulds,  156 
Bone,  Algeria,  conduit  of  (Bordenave  system),  35 
Bonna  beams,  moulded  in  advance,  198 
Bonna  method  of  moulding,  etc.,  of  pipes,  204, 
206 

Methods  of  reinforcement  of  pipes,  180 

System,  32 

Pine  lines  for  Brussels,  502 
Pipes  for  sewerage,  Paris,  504 
Bordenave  method  of  moulding  of  pipes,  204 

Pipe  line,  Brussels,  502 

Pipe  and  reservoir  reinforcements,  treatment 
of.  177 

Reservoir  at  Boulogne-sur-Seine,  485 

System,  34 
Boston,  water  tower  at,  description,  484 
Boulogne-sur-Seine,  covered  reservoir  at,  485 
Bouniceau,  experiments  on  deformations  under 

changes  of  temperature,  218 
Bousseron  and  Garric  System,  35 
Bowspring  Bridge,  Purflaet    Jetty,  Hennebique, 

622 
Bowstring  and  Cantilever  Bridge,  Considdre,   508 
Bowstring  bridge,  hooped,  description  and  tests, 

563 
Breadth  across  the  table  of  T-shaped  beams,  362 
Brest,  grain  silos  and  flour  mill  at,  description  of, 

478 
Brewery,  Budapest,  floor,  451 
Bricks,  perforated,  Cottanyin  system,  45 
Bridge  abutments,  Mueller,  'Marx  &  Co.,  92 

Arched,  Considdre,  510 

and  piers,  Danville  Bridge,  515 

Danville,  514 

Hennebique,  509,  515,  522 

Lake  Park,  Kahn,  539 

Maciachini,  514 

Melan,  528 

Purfleet,  Hennebique,  522 

Rock  Creek  Bridge,  526 

Thacher,  536 

Soissons,  Hennebique,  516 
Bridged  aqueduct,  Pavin  de  Lafarge,   93 
Bridges  in  India,  602 

Bousseron  and  Garric,  537 

Ch&tellerault,  167 

Considere,  508,  510 

Johnson,  514 

Hennebique,  516,  518,  522,  538,  539 

Kahn,  637 

Melan,  525,  528,  532 

MoUer,  528,  529 

Monier  (Wayss),  530,  533 

Piketty,  5*11 

Ransome.  532 

Ribera,  5  6,  542 

Thacher,  536 

Walser-Gerard,  522,  525 
Bringing  up  of  work,  187 

Brooklyn,  St.  James*  Church,  description  of,  455 
Budapest  Brewery  floor,  451 
Building,  destruction  of,  Cottan^in,  16 

in  of  pieces  moulded  in  advance,  197 


Building  up  of  falsework,  beams  and  floors,  156 

Columns,  153 

Hollow  floors,  161 

Walls  and  partitions,  155 
Building  regulations  affecting  reinforced  concrete, 

3 
Coignet,  39 
D6gon,  50 
Demay,  52 
Matrai,  78 
Ransome,  99 
parts  of,  moulded  in  advance,  107 

Cable,  electric,  troughs  for,  559 
Cain,   Professor,   treatment   of   curches,    409,   413 
Calculations  for  large  span  arches,  409 
for  small  span  eurches,  408 
annular  sections,  438,  442 
for  beams,  Blakeley,  401 
for  beams  moulded  in  advance,  199 
for  beams  straight  line,  401 
for  beams,  Talbot,  393 
for  bending  moments,  328 
for  circular  conduits,  403 
circular    or    annular    sections    under .  direct 

compression  cuid  bending,  438 
for  conical  coverings,  96,  445 
for  domes  and  arches,  Pavin  de  Lafarge,  96 
for  direct  compression  pieces,  hooped,  340, 

345 
for  direct  compression  pieces  with  longitu* 

dinal  reinforcements,  337 
for  effects  of  wind  pressure,  336 
for  loads  on  columns  and  piles,  325 
for  longitudinal  stresses  in  pieces  subjected 

to  bending,  349 
for  pieces  subjected  to  direct  stresses  and 

bending  combined,  409,  428 
for  pipes,  circular  reservoirs  and  similar  struc- 
tures, 403 
for   pressure    curve   in   pieces   subjected    to 
direct  stresses  and  bending  combined, 
409 
for  resistance  to  wind  pressure  for  circular 

annular  sections,  438 
for  shearing,  378 

for  shearing  forces,  329,  330,  331,  333,  334 
for  size  of  hooping  reinforcements  for  pieces 

under  direct  compression,  345 
for  size  of  piece  and  area  of  direct  reinforce- 
ment for  pieces  subjected  to  bending, 
340 
Various  methods  of,  for  pieces  subjected  to 
bending,  383 
Camp  sheeting,  551 
Canal  bank  protection,  551 
Cantilever  Quay,  falsework  for,  165 

At  Nantes,  France,  560 
Cantilevers,  Hennebique,  67 

for  warehouse  at  Plymouth,  falsework  for,  165 
Capping  to  piles,  Williams,  113 
Care  in  execution  of  work,  6,  21 
Cattle  market,  Alexandria,  478 
CeiUngs,  212 

Ceiling  slabs  used  to  form  floor    centering,    198 
Cement  bins  at  Chicago,  493 
Cement,  natural,  128 
Portland,  120 
quicksetting,  127 
Slag,  120 
Centers,  striking  of,  for  Melan  bridge,  528 

Time  before  striking.  Petit  Palais  des  Beaux 
Arts,  462 

641  T  T 


INDEX 


Centering,  floor,  157 

Striking  of,  160 
for  arches,  supported  from  reinforcements  by 

stirrups  (Melan),  170 
for  floors,  collapsible,  170 

supported  by  rolled  joists,  170 
for  large  sewers,  and  conduits,  183 
formed  of  ceiling  slabs,  108 
Hennebique,  167 
of    arches,    damping    of,    while   concrete  is 

hardening,  196 
of  arches,  striking  of,  196 
Lightness  of,  22 
Melan,  165,  167 
Monier,  166 
Ribbed  arches,  167 

Striking  of  for  13|  feet  diameter  sewer,  506 
Changes,  atmospheric,  effect  of,  19 
Chapel  at  Annapolis,  456 
Ch&teau  d*Eau,  Paris,  description  of,  460 
Chatellerault  bridge,  167 
Chaudy  system,  36 

Covered  reservoir,  482 
Chelsea  Baths,  488 

Chemical  composition,  Portland  cement,  125 
Chemical  composition,  quicksetting  cement,   128 
Chimney,  Cottan^in,  474 
Chinmey  flues,  mould  for,  166 

Shaft,  Bansome  falsework  for,  172 
Stack  at  Los  Angeles,  description  of,  465 
Chimneys,  resistance  to  wind  pressure,  442 
Christophe,  experiments  on  pieces  under  bending, 
248 
on  safe  resistance  of  metal,  241 
stress-strain  curve  for  pieces  under  flexure, 
323 
Church  at  Brooklyn,  description  of,  465 
at  Exeter,  description  of,  469 
at  Montmartre,  description  of,  471 
Circuleur  conduits,  calculations  for,  403 
Reservoirs  constructed  in  India,  522 
Pavin  de  Lafarge,  93 
Circular  sections  resistance  to  direct  compression 

and  bending,  438 
Clamp  for  holding  moulds  together,  153 
Clarens,  Bay  of,  pipe  line  over,  109 
Clevedon,  U.S.A.,  sewers  for,  459 
Clinton  system,  38 
Coal  Pockets,  Kahn,  499 

Coefficient  of   elasticity   of  concrete  under  com- 
pression, 223 
of  elasticity  of  concrete  under  tension,  234 
of  elasticity  of  concrete  from  Prof.  Warren's 

experiments,  226 
of  elasticity  of  metal  and  concrete,  ratio  of,  233 
of  expansion  of  concrete  and  iron,  218 
Coffins,  Sarda  system,  649 

Cohesive  strength  of  Portland  cement,  test  for,  126 
of  quicksetting  cement,  tests  for,  128 
Coignet  beams  moulded  in  advance,  198 

Experiments  on  deformations  under  changes 

of  temperature,  218 
Hollow-floor  construction,  192 
Methods    of    construction    of    large    sewers, 

tunnels  and  conduits,  183 
Method  of  moulding  floors,  162 
Piles,  201 

Reinforcements  for  pipes,  etc.,  179 
System,  39 

Argenteuil  tunnel  for  sewerage  of  Paris, 

504 
Palais  de  1' Electricity,  description  of,  400 
and  de  Tedesco,  adhesion  of  concrete  to 
metal,  237 


Coignet    Sj^tem,   Experiments    on  elasticity  of 

concrete  to  compression,  232 
Coke  breeze  for  concrete,  132 
Collapsible  floor  centering,  170 
Collars  for  pipes,  204 
Coloured  facings,  211 
Columbian  fireproofing  system,  42 
Colunm,  flexure,  338,  343 
Reinforcements,  176 
Bonna  system,  32 
Bousseron  and  Geuric  system,  36 
Calculations  for,  335 
Columns,  Long  calculations  for,  338,  343 
Chaudy  system,  36 
Coignet,  41 
tests  of,  277 
Construction  of,  190 
Cottan^n  system,  45 
Couletrou,  49 
D^gon,  51 
Demay,  53 

"  Expanded  metal,"  protection  of,  57 
Falsework  and  Moulds  for,  153,  637 
Hennebique,  61 

Hooped  reinforcements  for,  176,  340 
Loads  on,  325 
Maciachini,  78 
Matrai,  81 
Monier,  88 
Pavin  de  Lafarge,  93 
Ransome,  100 
Reinforcement  of,  27 
Roebling,  protection  of,  103 
Surrounded  with  networks,  172 
Visintini,  110 
Warren  tests  on,  226 
Watertown  Arsenal,  tests  on,  277 
WilUams,  113 
Compactness,  cement,  136 

concrete,  138 
Comparative  tests  of  beams,  Maciachini  83rBtem,  76 
Comparison,  Williams  system,  115 

of  various  hypotheses  with  respect  to  the 
deformations  of  pieces  imder  flexure, 
314 
of  weight  with  that  of  other  materials,  11 
with  other  materials  of  resistance  alter  first 
failure,  18 
Compression  pieces,  calculations  for,  with  hooping, 
340 
Calculations  for,  with  longitudinal  rein* 
forcements  only,  337 
Compression,   stress-strain  curve,    224,    314-323 
in  hooped  concrete,  276 
in  pieces  under  flexure,  314-323 
Compressive  elasticity  of  concrete,  223 
Resistance  of  concrete,  218 

of  metal,  241 
Safe  stress  on  concrete,  230 
Stress  at  upper  fibre,  400 
Concrete,  119 

Adherence  of  metal,  237 

Amount  deposited  per  man  per  day  for  Mclan 

bridges,  528 
around  reinforcement,  deformations  of  under 

tension,  275 
around  reinforcements,  thickness  of,  5,  21, 3o3 
Coke  breeze,  132 
compressive  resistance  of,  218 
Conditions  during  setting  of  effect  on  hooped 
concrete  under  compression,  286 
during   setting   of   effect   on   reinforoed 

concrete,  291 
affecting  resistance  of,  218 
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<!!oncreto.  Effect  of  acids  and  alkalies  on,  S 
Elasticity  under  compression,  212 
Facings  to,  211 
Hooped,  experiments  on,  277 
Leakage  of  water  through,  8,  582 
Left  standing,  tests  of,  22 
Miring  of.  138,  141,  143 
Mixture  to  insure  impermeability,  8,  682 
Proportions  for,  133,  134,  138,  391 
Heinforced  elongation  under  bending,  243,  247 
under  compression,  experiments  on,  277 
under  tension,  experiments  on,  274 
Safe  stress  on,  in  compression,  236 

Shearing  stress  on,  236 
•Shearing  resistance  of,  236 
.Stresses  on  caused  by  conditions  during  set- 
ting, 286,  291 
Surfaces   which  have   been  left   any  length 

of  time,  treatment  of,  188 
'Tensile  resistance  of,  222 

Resistance  of  when  reinforced  and  under 
flexure,  246,  261 
Water  used  in  mixing,  141 
Weight  of,  324 
Obncreting  of  cu^hes,  167,  194 

of  arches  with  heavy  reinforcements,  195 
bringing  up  of,  167 
operation  for  floor,  walls,  etc.,  188 
-Condron*s  straight  line  formula  for  beams,   401 
Conduit  of  Bone  (Algeria),  34 
■Conduits,  Coignet,  41 

Pa\'in  de  Lafarge,  93 
Large,  methods  of  construction,  196 
Reinforcements  for,  177 
'Conical  coverings,  calculations  for,  97,  445 
Connexion,  intimate,  of  various  parts,  15 

of  Ransome  bars  for  large  span  arches,  182 
of  hoopings  for  Coignet  pipes,  179 
of  Piketty  reinforcements,  98 
of  pipes,  204 
■Conservation  of  plain  sections,  311 
iConsidSre,  bridge  designed  by,  508 

on  adhesion  of  concrete  to  metal,  230 
Bridges,  Pont  d*Ivry — 
Plougastel,  608 
Guiller  Viaduct,  610 
Experiments    on    hooped     concrete    under 
direct  compression,  277 
on  hooped  concrete  under  direct  com- 
pression, compared  with  Mr.  Dunn's, 
287 
on  pieces  under  bending,  242 
•on  elasticity  of  concrete  under  compression, 

232 
■on  elasticity  of  concrete  under  tension,  236 
Formulse  for  hooped  compression  pieces,  342, 

672 
Methods  of  calculation,  390 
Remarks  on  reinforcements  for  hooped  col- 
umns, 177 
•on  resistance  of  concrete  to  compression  and 

tension,  221,  243 
on  shearing  resistance  of  concrete,  223 
Piles,  201,  208 
Stress-strain  curve  for  pieces  under  flexure, 

318 
sj-Btem,  42 

Test  of  hooped  bowstring  girder  bridge,  663 
Tests  on  compression  pieces  luider  lateral  pres- 
sure, 221 
Consistency  of  concrete,  141 
Constancy  of  volume,  Portland  cement,  124 

Quicksetting  cement,  128 
-Construction,  in  the  hands  of  a  few  firms,   24 


Construction,  practical,  151 
of  arches,  165 

with  heavy  reinforcements,  195 
with  ribs,  196 
of  bowstring  hooped  concrete  bridge,  663 
of  floors,  walls,  etc.,  155,  163 
of  Mcu;iachini  beams,  75 
of  piles,  181,  200 
of  piles,  etc.,  177,  202 
of  reservoirs,  etc.,  177,  192 
of  thin  slabs,  197 
Constructors,    American    Ransome    system,    100 

English,  of  Hennebique  system,  68 
Contraction  of  concrete  and  reinforced  concrete 
while  setting  in  air,  292,  293 
under  varieties  of  temperature,  218 
Conveyors,  trough  used  for  transport  of  concrete, 

186 
Coolness  of  Portland  cement,  122 
Copenhafi^en,  arched  footbridge  at,  530 
Corbels,  Hennebique,  67 
Cost  arched  bridge,  "  Melan,"  626,  628 
Considdre,  510 
Hennebique,  618 
"  Monier,^*  631 
over  Niagara  Falls,  539 
Ribera  system,  536 
"  Walser-Gdrard,"  626 
Church  at  Exeter,  470 

at  Montmartre,  472 
of  covered  reservoir  at  Memours,  "Cottancin,** 
487 
at  Rocheford,  U.S.A.,  "  expanded  metal," 

483 
at  Seraing,  Belgium,  **  Hennebique,"  484 
Extras  on  metal  bars,  146 
Grain  warehouse  at  Plymouth,  463 
House,  Avenue  Rapp,  Paris,  475 
Lighthouse  at  Nicolaieff,  Russia,  476 
Melan  decking,  461 
Monier  Pipes  and  Sewers,  608 
Paving  for  footways,  650 
POes,  Williams',  113 
Railway  sleepers,  668 
River  bank  protections,  551 
Sewers  and  pipes,  Monier,  508 
Sheet  piling,  661 
Shoe  factory,  Paris,  474 
of  slope  protections,  Moller  system,  554 
Cottan9in  ceiling  slabs,  used  to  form  floor  center- 
ing, 198 
Gasholder  tanks,  487 
House  in  Avenue  Rapp,  Paris,  474 
Network,  method  of  weaving,  176 
Reasoning  on  method  of  reinforcement,  43 
Ribs,  moulded  in  advance,  198 
System,  42 

Cost  of  structures,  470,  472 

Covered  reservoir,  487 

Church  at  Exeter,  description  of,  470 

„     at  Montmartre,  description  of,  472 
Roof  of  stables,  Ch&teau  de  Orfraisidre, 

description  of,  472 
Shoe  factory  at  Paris,  description  of,  474 
Tests  to  destruction  on  building,  16 
Coularou  system,  48 

Falsework  for  hollow  floors,  163 
Hollow  floor  construction,  191 
Elevated  reservoir,  490 
Warehouse,  476 
Country  House,  Hennebique,  at  Bourg  la  Reine,  477 
Covering  of  concrete  to  reinforcements,  5,  21.  353 
Covering  of  slabs  after  moulding,  198 

to  Montiddgre  reservoir,  construction  of,  162 
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Coverings  for  roofs,  9 

Moller,  88 

Spherical  and  conical,  calculations  for,  443 
Reinforcement  at  springings,  176 

tQ  moulds,  152 
Cracks  in  floors,  walls,  etc.,  214 

resistance  after  first,  18,  252,  267 
Cross-section,  reinforcements,  32 
Cummings,  building,  467 

culverts,  Manchurian  Railway,  18 

machine  shop,  467 

sewage  tanks,  490 

system,  49 


Dam,  Schuylerville,  208 

various  types,  546 
Dampness,  effect  of,  19 
Dams,  closing  of,  209 

Construction  of,  208,  544 
Schuylerville,  208,  544 
Various,  546 
Wilton,  545 
Danville  Bridge,  514 
Data,  deduced  from  experiments,  217 

to  be  used  in  calculations  deduced  from  ex 
periments,  307 
Deckings,  excunples  of,  450 

WiUiams',  114 
Deformation  of  concrete  around  reinforcements 
during  setting,  291-294 
under  bending,  243 
under  compression,  219 
under  tension,  224,  275 
of  hooped  concrete  under  compression,  279, 
280,  283,  284,  288 
Deformations,  calculations  for,  392 

of  pieces  under  flexure,  calculation  of  total, 
by  M.  Considdre,  319 
under   flexure,    comparisons   of   various 
hypotheses,  319 
Permanent,  causing  stresses,  312 
D^gon,  reasons  for  form  of  reinforcement,  50 
Pipe  and  reservoir  reinforcements,  179 
System,  50 
Delay  in  use  of  concrete,  tests  of  effects  of,  22 
Demay  system,  52 

Depth,   economic,   of   beams   with   double   rein- 
forcement,  359 
of  beams  with  single  reinforcement,  353 
Destruction  of  San  Marino  Pavilion,  16 
De   Tedesco   formulas   for   bending  moments   on 

slabs,  333 
De  Vallidre,  Simon,  system,  108 
Development,  history  of,  1 
Diagonal  tension,  failures  due  to,  259,  298,  304,  378 

resistance  to,  237,  307,  378 
Diagrams  for — safe  load  on  colunms,  339 

Beams,    single    reinforcement,     position    of 
neutral  axis,  351,  339 

^,  352,  406 

Unit  bending  moment,  402 

Values  of  -'-,  380 
3 

Double    reinforcement,     neutral     axis,      356 

Unit  Bending  moment,  360 

Slabs,  value  of  coefficient  for  bending  moments, 

335 

T-Beams,  single  reinforcement,  value  of— pp 
367-373  ^ 

Direct  stress  and  bending  combined,  calculations 
for  pieces  subjected  to,  409,  428,  438 
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Disadvantages     of     reinforcements      eupporting 

moulds,  169 
Disposition  of  Cott€m9in  reinforcements,  zeaeon- 
ing  as  to,  43 
of  reinforcements,  Piketty's  reasons  for,  97 
D'lvry,  Pont,  tests  of,  563 
Dock  walls,  Hennebique,  66 
Domed  reservoir  roof,  486 
Domes,  cidculations  for,  97,  445 

Cottan^in,  description  of,  460,  471 

System,  45 
Habrich  or  Thoma«  and  Steinhoff,  58 
Reinforcement  at  springings,  17G 
Roebling,  105 
Specification  for,  600 
Dopking  piles,  construction  of,  202 
Double  floors,  Bousseron  et  Garric,  36 
Coignet,  40 
Coularou,  48 
expanded  metal,  55 
Hennebique,  64 
Herbst,  68 
Kahn,  70 

Pavin  de  Laforge,  03 
Rabitz,  98 
Ransome,  100 
Roebling,  101 
Double  partitions,  Rabitz,  90 

Roebling,  105 
Double  system  of  reinforcement  uneconomical,  361 
of  reinforcement,  when  necessary,  20, 361, 
432 
Double  walls,  "  Expanded  metal,"  57 
Driving  of  piles,  207 

"  Dry  "  or  "  Wet  "  concrete,  discusoion  on,  141 
Dryness,  eflect  of,  19 
Ductility  of  hooped  concrete  under  compression, 

281,  573 
Dunn,   experiments   on   hooped    concrete   under 
compression,  287 
Experiments     on     hooped     concrete     under 
compression  compared  with  H.   Con- 
sidere's,  289 
Durability  of  reinforced  concrete,  10 
Dykerhoff,  experiments  on  strength  of  mortars 
and  concretes,  138 
of  effect  of  granular  composition  of  sand, 
129 


Earthquake,Resistance  of  Reinforced  Concrete  to,  1 7 
Eccentric  lo€td  on  columns,  340 
Economy,  22 

of  a  double  reinforcement  in  beams,  361 

of  reinforcements  of  large  sectional  aren,  377 
Effect   of   loading   and   unloading   on   coefficient 
of  elasticity  of  hooped  concrete,  283 
Effects  of  fire,  4 

of  method  of  loading,  618 

of  repetition  of  loading,  619 

of  percentage  and  position  of  reinforcements 
and  the  age  of  pieces  under  flexure,  253, 
623 

of  abnormal  concrete,  264,  624 
Elastic  behaviour  of  hooped  concrete,  282 
Elasticity,  Bach's  experiments,  223 

coefficient  of,  hooped  concrete,  282,  572 

Initial  modulus  of,  401 

of  concrete  under  compression,  223 
under  tension,  234 

of  hooped  concrete,  282 

ratio  of,  moduli  of,  Prussian  roles,  581 

Warren's  tests,  226 
Electric  cables,  troughs  for,  669 
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Electricity,  Palais  de,  "  Coignet,"  460 
Elevated  reservoirs,  485,  486,  491,  492 
Elliptic  arches,  construction  of,  195 
Elongation  of  concrete,  under  bending,  243 

and    reinforced    concrete    while    setting 

under  water,  291,  293 
on  tensile  side  of  a  piece  under  flexure^ 
354,  359,  375 
under  variations  of  temperature,  218 
Emperger,  Fitz  von,  83 

Emplojmient  of  reinforced  concrete  in  England,  2 
Engine,  500  H.P.  gds,  foundations  for  (Cottanyin), 

46 
Engine  Shed,  Kahn  system,  479 
England,  use  of  reinforced  concrete  in,  2 
Equalization    of    bending    moments    in    Matrai 

system,  79 
Erection,  facility  of,  20 
Execution,  care  in,  21 

of  work,  187 
Exeter,  church  at,  description  of,  469 
Expanded  metal,"  benefit  derived  from  use  of 
as  reinforcement,  54 
Chelsea  baths,  488. 
Effect  of  on  resistance  of  slabs,  200 
Floors,  falsework  for,  170 
Percentage  recommended,  54 
as  reinforcement  for  footpath  slabs,  549 
as  reinforcement  for  railway  sleepers,  555 
as  reinforcement  for  troughs  for  electric 

cables,  559 
Reservoir  reinforced  with,  483 
Reservoir,  492 
Settling  tanks,  493 
Sewer,  505 
Sewers,  185 

sizes  of  and  areas  per  12  inch  width,  147 
System,  54 
used  in  ordinary  construction  to  give 

local  strength,  54 
used  for  moulding  on,  172 
Expansion,  coefficient,  218 

Expansion  joints  for  Simplon  aqueduct,  500 
in  Spandrils  to  Melan  arched  bridges,  527 
Strips  in  slope  protections,  554 
Experimented  research,  etc.,  217 
Experiments  on  adhesion  of  concrete  to  metal,  238 
on  compressive  resistance  of  concrete,  218 
on  elasticity  of  concrete  under  compression,  223 

of  concrete  under  tension,  222,  234 
on  deformations  under  changes  of  tempera- 
ture, 218 
Gsetano  Lanza's  on  beams,  268 
Harding's  on  shearing  of  beams,  272 
on  hooped  concrete  bowstring  bridge,  507,  566 
on  hooped  concrete  under  direct  compression, 

277,  571 
Howe's  on  beams,  271 
Marburg's  on  beams,  267 
on  pieces  under  bending,  243-274,  606 
on  protection  of  metal,  6 
on    reinforced    concrete    under   direct    com- 
pression, 277 
on  reinforced  concrete  under  direct  tension,  274 
on  sand  for  mortars,  129,  136 
on  shearing  resistance  of  concrete,  223 
on  stone  for  concrete,  132,  138 
Talbot's  on  beams,  254,  606,  626 

1905,  remarks  on,  614 
on  tensile  resistance  of  concrete,  222 
Tumeaure's  on  beams,  264 
Warren's  on  beams,  319 
Warren's  on  colunuis,  226 
Watertown  Arsenal  on  coliunns,  277 


Extension  under  variations  of  temperature,  218 

Facings  for  concrete,  156,  211 
Factor  of  safety  for  hooped  concrete,  574 
Factory,  shoe,  Paris,  description  of,  474 
Failure  of  arches,  nature  of,  304 
of  Madrid  reservoir,  25 
Notice  of,  18,  573 

of  rectangular  beams,  nature  of,  297 
of  reinforced  pieces  under  flexure,  nature  of, 

294,  297 
Resistance  to  after  first,  18 
of  slabs  under  flexure,  nature  of,  20G 
of  T-beams,  nature  of,  304 
Failures,  25 

Falsework  for  arches  with  ribs,  107 
without  ribs,  165 
for  beams  and  floors,  157,  170 
for  cantilever  quay,  165 
for  chimney  shaft,  Ransome,  172 
for  colunms,  153 

for  floors  supported  by  rolled  joists,  170 
for  hollow  arches,  167 
for  hollow  floors,  163 
for  large  sewers  emd  tunnels,  etc.,  172 
for  straight  bridges  and  subways,  165 
for  walls,  155 
Care  in  erection  of,  21 
Falsework,  collapsible,  for  floors,  170 
Expense  due  to,  21 
Partially     supported     by     reinforcements, 

"  Chaudy  system,"  38 
Striking  of  beams,  158 
of  columns,  154 
of  floors,  160 
Supported  from  reinforcements,  168 
Feret,  experiments  on  amount  of  Mater  fcr  con- 
crete, 142 
on  sand  for  mortars,  129 
on  proportions  of  ingredients  for  concrete, 
136 
on  adherence  of  concrete  to  metal,  238 
on  shearing  resistance  of  concrete,  236 
Fibres,  action  of,  in  reinforced  concrete,  pieces 
not  affected  by  those  contiguous  to 
them,  310 
Fineness  of  grinding  Portland  cement,  122 

Quicksetting  cement,  127 
Finishing  coats,  211 
Fire,  effects  of,  5 

resistcmce,  employment  of  flints  and   lime- 
stone, 5,  132 
Flexure,    behaviour   of   singly   reinforced   pieces 
under,  243-274,  294-305,  614 
CeJculation  of  pieces  subjected  to,  349  et  seq. 
Effect  on  contact  of  metal  and  concrete,  310 

on  plane  sections,  310 
Experiments  on  pieces  under,  243-274, 298, 614 
of  hooped  concrete  under  compression,  279, 

281,  343 
Nature  of  failure  under,  258,  295,  614,  etc. 
Flints,  use  of  in  fire-resisting  structures,  5,  132 
Floating  up  surfaces,  211 
Floor,  Herbst,  68 
Floors,  Bonna  system,  32 

Bousseron  and  Garric  system,  35 
Budapest  Brewery,  451 
Calculations  for.     {See  Slabs.) 
Centering  collapsible,  170 
Clinton,  38 
Coignet,  39 

Columbian  fireproofing  system,  42 
CottauQin,  42 
Coularou,  48 
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Floors,  Cracks  in,  214 

Cummin  gs,  49 

D6gon,  50 

Denray,  52 

Examples  of,  450,  452,  453 

'*  Expanded  metal,"  55 
Falsework  for,  170 

Falsework  for,  156 

Habrich  or  Thomas  and  Steinhoff,  59 

Hennebique,  60 

Herbst,  C6 

Hollow,  construction  of,  191 
Falsework  for,  103 

Kahn,  70 

Klett,  72 

Koenen,  73 

Loeher,  74 

Maciachini,  70 

Matrai,  79 

Melan,  83 

Moller,  83 

Monier,  84 

Mueller,  Marx,  88 

Pavin  de  Lafarge,  92 

Places  to  stop  when  moulding,  160 

Rabitz,  98 

Kansome,  99 

Roebling,  101 

Sanders,  105 

Sieg^vart,  105 

SoUd  construction  of,  188 

Stolte,  108 

Supported  by  rolled  joists,  centering  for. 

Unit,  108 

de  Vallidre-Simon  et  Cie,  109 

Visintini,  110 
Floors,  Walser-G^rard,  111 

Williams,  113 

Wiinsch,  115 
Flues,  ehimney  moulds  for,  150 
Footways,  549 

Vault  light  slabs  for,  550 
FormulflB,  bending  moments,  328 

Direct  compression  pieces,  335 

Effects  of  wind  pressure,  334 

Lofkds  on  colunms  and  piles,  325 

Pieces  under  flexure,  347 

Pressure  of  grain,  etc.,  326 

Shearing  forces,  329,  330,  331,  333,  334 

for  arches  and  domes,  445,   Godard's,    97 

for    columns,    Prussian    building    laws, 
Forts,  advantage  for,  17 
Foundations,  450 

Boiler,  450 

Coignet,  41 

Cottan9in,  46 

Hennebique,  62 

Pile,  449 

Ransome,  100 

Advantage  of  reinforced  concrete,  12 
of  in  soft  ground,  15 

Examples  of,  449,  461,  463,  466,  469 
Frame,  Ransome' s  patent,  for  moulding  walls, 
Frames  for  large  sewers  and  conduits,  184 
Frictional  resistance  or  adhesion,  237 
Frenvilliers,  Srqueduct,  501 
Frost,  effects  of  on  concrete,  19 


GcDtano  Lanza  tests  on  beams,  208 
Galleries,  CottanQin  system,  46 

to  theatre,  481 
Gallery  to  church  at  Exeter,  description  of, 
Galvanized  wire  reinforcement,  Rabitz,  98 


Gorric,  Boussoron  and.     {See  Bousseron  and  Got- 

ric.) 
Gary,  experiments  on  reinforced  concrete  und^ 

direct  compression,  277 
Gas  engine,  500  H.P.,  foundations  for  (Cottan^in), 

46 
Gasholder  tanks,  Cottangin,  487 
Gasometer  tanks,  de  VoJlidre-Simon  et  Cie,  109, 

193 
Gauging  of  concrete,  141 
Godard's  formulae  for  arches  and  domes,  97 
Golbardo  river,  Spain,  bridge  over,  542 
Grain,  pressure  of  in  bins  and  silos,  326 
Grain  silos,  "  Coignet,"  41 

at  Oberamstadt,  Germany,  496 
Grain  warehouse,  Plymouth,  description  of,  4G2 
Gravel,  132 

Groynes  Owen-case,  559 
Guillec  Bridge,  Considers,  510 
Gypsum  in  Portland  cement  and  test  for,  l2o 

Habrich  bars,  method  of  manufacture,  148 

System,  58 
Hallenbeck,  building  pile  foundation,  449 
Hand-mixing  of  concrete 
Harding,  tests  on  shearing  in  beams,  272 
Hardness,  144 
Harel  de  la  Noe,  bridge,  531 

Stress-strain     curve    for    pieces    under 
flexure,  318 
Hair  cracks  in  reinforced  pieces  under  flexure, 
effect  on  resistance,  257, 260,  266^  295, 
170  618 

Harrisburg  sewer,  505 

Hartig*s  experiments  on  the  coefficient  of  eles- 
ticity  of  concrete  under  tension,  234 
Hatt,  compcuison  of  stress-strain  curve  of  con- 
crete in  compression,  in  a  piece  under 
flexure,  with  a  parabola,  315 
Experiments   on    adherence   of   concrete  U> 
metal,  239 
Beams,  252 

on   elasticity    of    concrete    under  com- 
pression, 232 
on  elasticity  of  concrete  under  tension, 

235 
on  pieces  under  bending,  252 
on  resistance  of  concrete  to  tension,  222 
straight  line  formulae  for  beams,  402 
Stress-strain  curve  proposed  by,  for  calcula- 
581  tions  for  pieces  under  flexure,  315 

Hay  crops  on  roofs,  9 

Hennebique  arches  with  ribs,  falsework  for,  167 
large-span,  reinforcement  for,  182 
Aqueducts,  500,  501 
Beams  and  floor  falsework,  157 
Bridges,  516,  518,  522,  530,  539 
Buildings,  457,  458,  462,  463,  477,  478,  481 
Canal  bank  protection,  551 
Cantilever  quay,  560 

falsework  for,  165 
Column  falsework,  153 
155  Floors,  452 

Hollow  arches,  falsework  for,  107 
Floors,  construction  of,  191 
Floor,  falsework,  163 
Walls,  construction  of,  191 
Jetty,  561 

Methods  of  calculation,  383 
Moulds,  152 

Piles,  construction  of,  201 
Reservoirs,  482,  484,  490,  491 
469  Solid  floors,  etc.,  construction  of,  189 

Stairway,  452 
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flennebique  System,  60 

Wall  and  partition  falsework,  155 
Water  towers,  491,  492 
Hennebique's  country  house,  477 
Herbst  Floor,  68 
Hinged  arches,  advantages  of,  206 
Melan,  83 

Melan  reinforcements  for,  181 
Hinges  for  arches,  216 
History  of  development,  1 
Hollow  floors,  Bousseron  et  Garric,  35 
Coignet,  40 
Coularou,  48 
expanded  metal,  75 
Falsework  for,  162 
Hennebique,  64,  191,  458 
Herbst,  68 
Kahn,  70 

Pavin  de  Lafarge,  92 
Rabitz,  99 
Ransome,  100 
Roebling,  101,  102 
and  walls,  construction,  191 
Partition-walls,  Rabitz,  99 
Walls,  Cottanfin,  45 

"  Expanded  metal,"  57,  58 
Hennebique,  62 
Hooped  columns,  reinforcements  for,  176 

Bowstring  bridge,  tests  of  by  Considdre,  563 
Concrete  beams,  Maciachini,  75,  76 
Concrete  under  compression,  comparison  of  M. 
Considdre's  and  Mr.   Dunn's  ex- 
periments, 289 
Comparative    resistance    of,     com- 
pared with  plain  concrete,  278,  285 
Compared    with    riveted    iron    col- 
umn, 278 
Consid^re's  experiments  on,  277^  563 
Deformation     curves     under     first 

loading,  280,  288 
Deformation    curves   under   succes- 
sive locKling  and  unloading,   283 
Ductility  of,  281 
Dunn's  experiments,  287 
Effect  of  conditions  while  hardening, 

286 
Effect  of  loading  and  unloading  on 

coefficient  of  elasticity,  285 
Elastic  behaviour  of,  282 
Elasticity  and  resistance  of,  242, 285 
Resistance  of,  278,  285,  571 
Resistance  to  flexure  of,  343 
Symptoms  of  failure,  281,  573 
Hoopdd  concrete,  spacing  of  spirals,  effect  of,  281 
Hooping  as  beam  reinforcement,  Williams',   115 

Maciachini,  75 
Horizontal  moulding  of  pipes,  202 

piles,  200 
Hotel,  Atlfiuitic.City,  Frontispiece 
Houses,  descriptions,  frontispiece,  457,  460,  462, 

463,  472,  474,  477 
Howe,  experiments  on  beams,  271 
Hull,  bridge  over  Sutton  drain,  518 
Humidity,  effect  of  changes  of,  19 
Hygienic  advfuitages  of  reinforced   concrete,   11 
Hypotheses  allowed,  risumi  of,  323 

on  which  calculations  are  based,  309 

Impact,  resistance  to,  17 
Impenetrability,  14 
Impermeability,  7 

Methods  of  securing,  8,  46,  133,  179,  181 

Tests  of  pipes,  582 
Indented  bar,  sizes  of,  148 


Ingredients  of  concrete,  proportions  for,  133,  139 
Initial  stress  on  steel,  291-294,  312-314 
Instruments  used  for  ramming,  190 
Iron,  sheet  lining  to  moulds,  152,  214 
Ivry,  Pont  d',  tests  of,  563 

Jacaguas  River  bridge,  Porto  Rico,  536 

Jetty  at  Southampton,  561 

Johnson  bars — sizes  of,  148 

straight-line  formulae  for  beams,  401 

Joints  of  bars,  176,  pipes,  204 
Hinged  for  arches,  215 
in  Reinforcements,  145,  175,  176,  201 
of  members  for  hoopeid  concrete  bowstring 
bridge,  564 

Joinville,  signal  cabin  at,  481 

Joly,  de,  Bauschinger  and,  experiments  on  ad- 
herence of  concrete  to  metal,  238 
Elasticity  of  concrete  in  tension,  235 
on  reinforced  concrete  under  tension,  274 

Junction  of  members  for  hooped  concrete  bow- 
string bridge,  564 

Kahn  Bars,  sizes  of,  69 

Bridge,  637 

Coal  Pockets,  499 

Engine  shed,  479 

Hotel,  Frontispiece 

Lake  Park  Bridge,  539 

Piles,  72 

School  Building,  480 

system,  69 

file  floor,  70 
Kimball  Sleepers,  558 
Klett  system,  72 
Koenen  system,  73 

Lafarge,  Pavin  de,  beam  and  floor  falsework,  160 
Hollow  floor  construction,  192 
Hollow  floor  falsework,  164 
Pipe  construction,  202,  204 
Pipe  and  reservoir  reinforcements,    178 
System,  92 
Landings,  Cottan9in  system,  44 
Lanza,    experiments  on  beams,  268 
Lattice  form  of  floor  slabs  and  beams,  etc.,  Visin- 

tini,  110 
Lausanne,  Pipe  line  to,  de  Vallidre,  Simon  et  Cie, 
109 
Reservoir  at,  490,  162 
Laws,   building,  affecting  reinforced  concrete,   3 
Lead  hinges  to  arches,  216 
Leakage  of  water  through  concrete,  8,  582 
Lighthouse  at  Nicolaieff,  Russia,  475 
Lightness  bb  compared  to  masonry,  11 
Lille,  Theatre  at,  481 

Limestone,  use  of  in  fire-resisting  structures,  5, 1 32 
Linings  embedded  in  pipes,  etc.,  to  produce  water 
tightness,  179 
to  moulds,  162,  214 
for  slopes,  Rabitz,  99 
Loading :    effect  on  contact  between  metal  and 
concrete,  263,  310 
on  plcme  sections,  311 
effect  of  method  of,  618 
Lofikding  and  unloading,  effect  of  on  beams,  619 
on  hooped  concrete  under  compression,  279, 283 
Loads  on  columns  and  piles,  325 

on  walls  and  bottoms  of  bins  and  silos,  326 
Locher  system,  74 

Lock  House,  Lyons  Canal  Company,  93 
Locle   reservoirs   (Vallidre  et   Simon),  reinforce- 
ments for,  181 
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Long  columns,  calculations  for,  338,  343 
Loss  of  water  in  conduits,  8,  582 
Liitken,  stress-strain  curve  proposed  by,  for  cal- 
culations of  pieces  under  flexure,  316 


Machine  mixing  of  concrete,  143 
shop,  Cummings  sjrstem,  467 
Machinery,  advantage  of  Cottanfin  foundations 

for,  46 
Machines  for  curving  Bordenave  pipe  and  reser- 
voir reinforcements,  177 
Maciachini  beams,  tests  of,  76 
System,  75 

(Walser-Gerard)  bridgeR,  522,  525 
Madrid  Reservoir,  failure  of,  25 
Mansard  roofs,  Cottan^in  system,  45 
Marburg,  Experiments  on  beams,  267 
Marienthal,  river  slope  protections  at,  554 
Marine  worms,  etc.,  resistance  to,  11 
Marlborough  Hotel,  Atlantic  City,  Frontispiece 
Material,  transport  of,  185 

Materials,     comparative     resistance     after     first 
failure,  18 
General  remarks  on,  119 
Transp>ose  of,  185 
Matrai,    attachments    for    supporting    falsework 
from  beams,  170 
Floors,  method  of  construction,  191 
System,  81 

Equalization  of  bending  moments,  79 
Matrix,  119 

Melan  arches,  concreting  of,  195 
Falsework  for,  167 
Arched  floors,  ialsework  for,  170 
Bridges,  525,  528,  540 
Floors  and  deckings,  examples  of,  450 
Method  of  calculation  for  arches,  435 
Beinforcement,  method  of  fixing,  175 

for  large  span  and  hinged  arches,    182 
Stirrups  for  supporting  arch  centering  from 

reinforcements,  171 
Stress-strain  curve  for  pieces  imder  flexion, 

318 
System,  83 
Memours,  covered  reservoir  at,  487 
M^y  sewage  farm,  pipes  for,  33 
Mesh,  Cottanfin,  reason  for  using,  43 
Metal,  protection  against  rust,  6 
Reinforcing,  tests  for,  144 
Safe  resistance  of,  241,  307 
Method   used   for   curving,   etc.,   to   Bonna 
reirforcements,  181 
for    curving,    etc.,    to    Bordenave 

reinforcements,  177 
of  reinforcement,  reasoning  as  to  the  Cottan- 
gin,  44 
Methods  of  construction— of  arches,  195 
of  floors,  walls,  etc.,  188 
of  large  sewers,  etc.,  196 
of  reinforcement,  general  review  of,  27 
of  reservoirs,  etc.,  192 
of  treatment,  for  purposes  of  calculation, 
309 
Micros,  Spain,  bridges  at,  535 
Military  works,  advantage  for,  18 
Mixing  of  concrete,  143 
^fixing  of  mortars,  variations  in  strength,  due  to, 

13 
Mixture  of  concrete  recommended  by  Expanded 
Metal  Company,  55 
to   ensure   impermeability,   8,  582 
Visintini,  111 
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Molecular  theory,  217 

Treatment,  M.  Cottangin's  reasoning,  43 
MoUer  bridges,  528,  529 
MoUer  reinforcements  used  as  moulds,  172 

River  slope  protections,   cost  of,     551,   554 

System,  88 
Moment   of   Resistance,    unit    values   for  singly 
reinforced  beams,  401,  402^ 

for  doubly  reinforced  beams,  360 
Moments,  bending,  328 

of  resistance  for  rectant^ular  beams,  single 
reinforcement,  349 

Double  reinforcement,  354 

T-beams  single  reinforcement,  362 
double  reinforcement,  374 

inverted  T-beams,  375 

pieces  with  reinforcements  of  large  section,  375 

Slabs,  349,  354 

bending,  equalization  of,  in  Matrai  system,  79 
Formulae  for,  328  et  seq. 

of  inertia,  table  of,  341 
Monier  arches,  construction  of,  194 
Falsework  for,  165 

Bridges,  530 

Cement  bins,  493 

Grain  silos,  491 

Joseph,  introduction  of  system,  1 

Methods  of  construction  of  large  sewers  and 
conduits    of    horseshoe    section,    183 

Pipes,  construction  of,  202 

Pipes  and  sewers,  cost  of,  508 

Reinforcements  for  pipes,  reservoirs,  etc.,  177 

Sewers,  507 

S}r8tem,  84 
Monolithic  nature  of  structures,  15 
Montalegre  reservoir,  cover  of,  during  construc- 
tion, 162 
Montmartre,  church  at,  description  of,  471 
Mortar,  mixing  of,  142 

Proportion  for,  135 

Sand  for,  129,  136 
Mortars  and  neat  cement,  variations  in  strength, 

13 
Moulding  in  advance,  197 

in  place,  185,  637 

of  floors,  plfitces  to  stop,  IGO 

of  piles,  200 

of  pipes,  202 

of  thiin  slabs,  194 
Moulds,  arches  without  ribs,  165 

Beams  and  floors,  156 

Cantilever  quay,  165 

Chimney  shaft,  Ransome,  172 

Column,  153,  637 

Expense  due  to,  21 

Falsework,  when  reinforcements  are  employed 
to  support,  168 

for  reinforced  concrete,  151,  637 

formed  of  wire  networks  or  reinforcements, 
172,  637 

Hollow  floors,  163 

Iron,  153 

Large  sewers  and  tunnels,  183 

Linings  for,  152 

Ornamental,  211 

Straight  bridges  and  subways,  165 

Striking  of  beam,  160 
of  colunm,  154 
of  floor,  167 

Timber  for,  119,  151 

Time  when  removed  from  pieces  moulded  in 
advance,  197 

Walls,  155 

Warehouse  with  cantilevered  roof,  165 
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Mueller  Alarx  system,  88 
Bridges,  528,  529 

i^atural  cement,  127 

Neat  cement  and  mortar,  variations  in^strength, 

13 
Networks,  advantage  of,   in  resisting  effects  of 

atmospheric  changes,  19 
Networks,  Cottan^in,  43 

Method  of  weaving,  175 
Different  methods  of  forming,  172 
Floors  and  ceiling,  Pavin  de  Lafarge,  93 
used  for  moulding,  172,  637 
Kabitz,  98 
^Neutral   axis,   diagrams   ^ving   position   of,   for 

beams, '351,  356.  399 
K'iagara  Falls,  bridge  at,  536 
Notice  of  failure,  18,  573 

Ornamental  mouldings,  211 

Ostenfeld,   stress-strain   curve  for   pieces   under 

flexure,  320 
Outer  walls,  Cottan^in  system,  45 

"  Expanded  Metal,"  57 

Hennebique,  62 

Matrai,  82 

Rabitz,  99 

Roebling,  105 
Over-lap  of  reinforcement,  145,  176,  201 
Owen-Case  groynes,  559 

Palais  des  Beaux  Arts,  floor,  452 
Palais  de  Electricity  (Coignet),  460 
Parabolic  stress-strain  curve  for  concrete  in  com- 
pression in  a  piece  under  flexure,  314- 
318,  394-401 
Parapet  moulded  {vide  also  descriptions  of  bridges)^ 

213 
Paris,  sewage  pipes  for,  33 
Paris  Exhibition  :   destruction  of  pavilion,  16 
Partition  walls,  Cottan^in  system,  45 
"  Expanded  Metal,"  55 
Falsework  for,  155 
Monier,  88 
Rabitz,  99 
Roebling,  104 
Parts    of    buildings    moulded    in    advance,    197 

Intimate  connection  of,  15 
Pavement  lights,  Aberthaw  (Ransome),  550 

Slabs,  551 
Pavin  de  Lafarge,  falsework  for  hollow  floors,  164 
Pipe  construction,  204,  205 
Pipe  and  reservoir  reinforcements,  178 
System,  92 

Transverse  reinforcements,  176 
Pence,   W.    D.,   experiments  on  deformation  of 
concrete  with  changes  of  temperature, 
218 
Percentage  of  expanded  metal  recommended  for 

reinforcing  slabs,  54 
Perforated  bricks,  Cottan9in  system,  45 
Perpignan  Bridge,  527 
Pierrelaye  sewage  farm,  pipes  for,  33 
Piers,  loads  on,  325 
Piketty  bridge,  531 
System,  97 

Transverse  reinforcements,  method  of  attach- 
ment, 176 
Piles,  200,  anchor,  551 

Armoured  Concrete  Company,  88 
Coignet,  41,  201 
Considore,  201,  208 
Construction  of,  200 
Driving  of,  201 


Piles,  Hennebique,  201 

Coignet.  201 

Considdre,  201 

Kahn,  72 

Loads  on,  325 

Moulding  of,  200 

Reinforcements  for,  181 

Resistance  of  to  driving,  17 

Sheet,  551 

Williams*,  201 
Piling  for  foundations,  449,  461 
Pipe  branches,  206 

Bridge  over  Bay  of  Clarens,  109 

Line,  Bordenave,  503 

Line  for  hydro-electric  works,  501 
for  sewage  of  Paris,  504 

Lines  for  Brussels  water  supply,  description 
of,  502 

Reinforcements,  177 
Pipes,  Achdres  sewage  farm,  33 

through  Argenteuil  Gallery,  33 

Bonna  system,  33 

Bordenave  system,  34 

Calculations  for,  403 

Coignet,  40 

Connexions  for,  204 

Construction  of,  177 

Cottan^in,  46 

D6gon,  52 

Enquiry  into  behaviour  of,  reinforced  con- 
crete, 9,  682 

Hennebique,  67 

Joints  for,  206 

Monier,  88 

Moulded  vertically,  203 

Pavin  de  Lafarge,  93 

Permeability  of,  582 

Prices  of  Monier,  508 

Test  on  water  tightness  of,  582 

Reinforced  at  Brussels,  502 

Reinforcement  of,  177 

Service  connexions  to,  206 

Suitability  of  for  water  supply,  0 

Thickness  of,  202 
Planks  for  moulds,  with  splayed  edges,  1 62 
Plaster  of  Paris  moulds,  213 
Platform  for  moulding  floors,  159 
Plougastel  Bridge,  508 
Pont  d'  Ivry,  563 

Portions  moulded  in  advance,  stocking  of,   197 
Portland  cement,  120 
Practical  construction,  151 
Precautions  necessary,  21 

Pressure  on  walls  and  bottoms  of  bins  and  sUos,  320 
Prices,  vide  Costs 

Properties  of  materials,  119  et  seq. 
Proportions  of  concrete,  133,  134,  138,  391 
"  Expanded  Meted  "  Company,  54 
Proportions  or  Impermeability  of,  7 
Visintini,  111 

of  mortar,  133 
Protection  e^ainst  cracking  of  surfaces,  19 

of  banks,  551 

of  metal  against  rust,  6 

of  slabs  after  moulding,  194 

of  slopes,  554 

Prussian  Government  regulations,  678 
Pulling  down  of  San  Marino  Pavilion,  16 
Punners  used  for  concreting  operations,  190 
Purfleet  Jetty  Bridge,  Hennebique,  522 


Quay  on  River  Loire  at  Nantes,  660 

Quicksetting  cement,  128 

Quinton — tests  on  watertightness  of  pipes,  682 


649 


INDEX 


Rabitz,  reinforcement  used  for  moulding  on,  172 
River  slope  protections,  554 
System,  98 
Rack  for  moulding  piles  in  a  vertical  position,  200 
Raft  foundations,  description  of,  450 
Railway  under  bridges,  18,  510,  514,  516,  522 
Rammers,  used  for  concreting  operations,  190 
Ransome,  apparatus  for  transport  of  materials,  186 
Arched  bridge,  532 
Bars,  method  of  manufacture,  147 
Chimney  shaft,  falsework  for,  172 
Chimney  stack  at  Los  Angeles,  465 
Church,  Brookljm,  455 
Reinforcements  for  arches,  method  of  connexion^ 
182 
Sewer,  504 
Special  floor  falsework,  162 
Suspended  stairway,  454 
System,  99 
Vault  light  slabs,  550 
Wall  frames,  155 
Moulds,  152 
Ratio  of  coefficients  of  elasticity  of  meters  and 

concrete,  233 
Reactions  on  supports  due  to  beams  extending 

over  several  spans,  325 
Regulations,  Prussian  Government,  578 
Reinforced  concrete,   advantages  and  disadveui* 
tages  of,  4 
Building  laws  affecting,  3 
Comparison    with    other    building    ma- 
terials, 18 
Durability  of,  10 
Employment  in  England,  2 
History  of  development,  1 
Hygienic  advantages  of,  11 
Monolithic  nature  of,  15 
Reinforcement,  cross-section,  32 
American  Concrete  Steel,  30 
of  arches,  29 
of  beams,  27 
Bonna,  32 
Bordenave,  34 

Bousseron  and  Garric  system,  35 
for  bowstring  bridge,  564 
Chaudy  system,  36 
Clinton,  38 
Coignet,  39 

of  columns,  49,  61,  280 
Columbian,  42 
Cottanfin,  42 
Coularou  system,  48 
Cummings,  49 

Curved  to  follow  path  of  tensile  stress,  74 
D^gon  system,  50 
Demay,  52 

De  Vallicre-Simon  &  Co.,  108 
Effect    of    percentage    and    position    of,    on 

pieces  under  flexure,  253,  623 
Employed  as  moulds,  172,  637 

to  support  moulds,  168 
"  Expanded  metal,"  54,  146 
Habrich  or  Thomas  and  Steinhoff,  58,  148 
Hennebique,  60 
high  elastic  limit  steel,  employment  of,   145, 

242,  257,  259,  263,  271,  617 
for  hooped  colmnns,  176 
Johnson,  148 

joints  in,  145,  175,  176,  201 
Kahn,  69,  149 
Klett,  72 
Koenen,  73 

for  leurge  rectangular  luiderground  reservoirs, 
181 


Reinforcement  for  large  sewers,  tunnels,  etc.,  181 

for  large  span  arches,  182 

Locher,  74 

Maciachini,  75 

Matrai,  78 

Melan,  83 

Methods  of,  27 

"  Expanded  metal,'*  56 

MoUer,  3 

Monier,  84 

Movements  of  in  surrounding  concrete,  275,. 
310,  313 

Mueller,  Marx  A  Co.,  88 

overlap  of,  145,  176,  201 

Pavin  de  Lafarge,  92 

Piketty,  97 

for  piles,  181 

of  pipes  and  circular  reservoirs,  177 

Rabitz,  98 

Ransome,  99 

reasoning  as  to  disposition  of  Cottan^in,  4$ 

Rigid  attachment  of,  5,  13,  30,  49,  69,  176 

Roebling,  100 

Safe  resistances  of,  241,  307 

Sanders,  105 

Shearing  of  concrete  around,  238,  379 

Sieffwart,  105 

Stolte,  108 

Stresses    on,    caused    by    conditions    during 
setting  of  concrete,  291-294 

Thacher,  148 

thickness  of  concrete  around,  5,  21,  353 

Walser-G^rard,  111 

Wayss  and  Freytag,  84 

Williams',  113 

Wiinsch,  115 
Reinforcing  metal,  discussion  on  and  testa  for,  144^ 

Treatment  of,  174 
Removal  of  moulds  from  pieces  moulded  in  ad> 

vanoe,  197 
Removing  beam  boxes,  159 

Column  moulds,  154 

Floor  centering,  160 
Reports  on  fire  tests,  5 
Research,  experimental,  etc.  217 
Reservoir,  expanded  metal,  482,  492 

Facings  for  interior  of,  214 

Reinforcements,    treatment    of,    Bordenave, 
177 
Reservoirs,  Bonna  system,  32 

Bordenave  system,  34,  485 

Bousseron  cmd  Garric  system,  36 

Coignet,  41 

Cottanyin,  47,  487 

Chaudy  system,  38,  482 

Circular  calculations  for,  403 
Constructed  in  India,  597 

Coularou,  490 

Cummings,  490 

Demay,  54 

De  Valli^re-Simon  et  Cie,  109 

"  Expanded  metal,"  58 

Golding,  483 

Hennebique,  67,  482,  484,  490,  491 

Large    rectangular    underground,    leinforoe* 
ments  for,  181 

Monier,  88 

Pavin  de  Lafarge,  93,  162 

Reinforcement  of  circular,  32,  597 

cmd  silos,  etc.,  descriptions  of,  481-499 

La  Soci^t^  des  Chaux  et  Cimenta  des  Grftches, 
38 
Resistance  of  concrete,  adhesive,  2S7,  compresBive, 
219 
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Kesistance  of  concrete,  conditions  afTeeting,  218 
Tensile,  222 
after    first    failvire,    comparison    with    other 

materials,  18 
to  fire,  4 

of  hooped  concrete  under  compression,  277 
under     compression,     compcu«d     with 
plain  concrete,  278,  285 
of  marine  worms,  etc.,  11 
of  metal,  242,  307 
to  percolation,  8,  582 
of  pieces  under  flexure,  effect  of  hair  cracks 

on,  267,  260,  266,  296,  618 
to  shearing,  222,  236 
to  shocks,  17 
to  stresses,  12 
to  stresses  in  reinforced  concrete  by  inducing 

strains  of  an  opposite  kind,  306 
to  tensile  stresses  under  flexure,  246,  260 
tension,  222 

Unit  moment  of  for  singly  reinforced  beams, 
401,  402 
for  doubly  reinforced  beams,  360 
Retaining  walls,  Bousseron  and  Carrie,  560 
Coignet,  40 
Hennebique,  66,  519 
Kahn,  71 
Monier,  88 
Ribbed  arches,  falsework  for,  167 
Ribera  bridges,  536,  542 
Ribs,  Cottan9in,  43 

Moulded  in  advance,  198 
Ritter,  methods  of  ccdculation,  387 

Stress-strain  curve  used  by,  for  calculation 
of  pieces  under  flexure,  316 
Roberts,  reservoirs  and  tanks,  697 

Bridges  in  India,  602 
Rods,  sizes  of,  for  reservoirs,  etc.,  Monier  system, 

179 
Roebling,  reinforcement  used  for  moulding  on,  170 

System,  100 
Rolled  joists  as  reinforcements,  Williams,  113 

Melan,  83 
Roofs,  Cottcua^in  domed,  469,  471,  472,  474 
System,  45 
Coulaxou  system,  49 
Covering,  212 

Habrich  or  Thomcks  and  SteinhofF,  60 
used  for  hay  crops,  9 
Hennebique,  62,  459,  462 
reinforcement  transverse,  212 
Royal    Albert    Docks,    Great    Western    Railway 
warehouse   during   construction,    169, 
160 
Rust,  protection  of  metal  ageunst,  6 

Sand,  Mr.  Baker's  tables,  showing  influence  of,  131 

Herr  DyckerhoCTs  experiments  on,  130 

M.  Feret's  experiments  on,  129,  136 

Granular  composition  of,  129 

Influence  on  resistance  of  mortars  cmd  con- 
cretes, 129 

necessity  for  washing,  21,  129 

voids  in,  136 
Scmders,  experiments  on  pieces  under  bending,  271 

Stress-strain  curve  used  by,  for  calculations 
for  pieces  under  flexure,  315 

System,  105 
San  Francisco  Earthquake,  17 
Sardar,  railway  sleepers,  565 
School  Building,  Kahn,  480 
Schumann's  specific  gravity  bottle,  123 
Schuylerville  dam,  description  of,  544 
Sections,  plane,  conservation  of«  311 


Setting  of  concrete  in  air  and  under  water,  elTect  on^ 

plain  and  reinforced  concrete,  291-294 

Coi^ditions    of,    effect    on    hooped    concrete> 

under  compression,  286 
Time  of  Portland  cement,  124 
Time  of  quicksetting  cement,  128 
Settling  Tanks,  Hayling,  493 
Sewage  farms,  Paris,  pipes  for,  33 
tanks,  Ciunmings  system,  490 
Sewers,  Coignet,  504, 

Description  of,  504,  505 

construction  of,  202 
Expemded  metal,  506 
Large  falsework  for,  172 
Methods  of  construction,  183 
Monier,  88 
Pavin  de  Lafarge,  93 
Prices  of,  508 
Ransome,  504 
Reinforcements  for,  181 
Shearing  of  concrete  cUong  reinforcements,  238,. 
307,  379 
resistance  to,  222,  237,  307,  380 
failure  due  to,  in  arches  with  open  spandrils, 
30,  306 
in  pieces  under  flexure,  259^   272,  296,. 

298,  304,  378 
in  T-beams,  304 
Force,  reduction  of,  due  to  inclined  reinforce- 
ments, 381,  385 
Forces,  329  et  seq. 
Harding's  tests  on,  272 
Shearing  forces  under  a  load  grculually  increasing 
from  one  end  to  the  other  of  apiece,  S32 
on  a  piece  supported  at  the  end  and  fixed 

at  the  other,  330 
on  a  piece  built  in  at  the  ends,  329 
on  slabs,  334 
Reinforcements,  32 

Attachments  for,  175 
Bousseron  et  Garric,  35 
Chaudy,  36 
Coignet,  39 
Coularou,  48 
Cummings,  49 
D^gon,  50 

De  Valliere-Simon  et  Cie,  100 
Hennebique,  61 
Kahn,  69 
Locher,  74 
Maciachini,  75 
Pavin  de  Lafarge,  92 
Piketty,  98 

Rigid  attachment  of,  5, 13,  30,  49,  CO,  17G 
Sanders,  106. 
Visitini,  110 
Walser-G^rard,  111 
Williams',  115 
Resistance  of  concrete,  222 
Safe  stress  on  Concrete,  237,  207,  380 

of  metal,  242,  307 
Stresses,  calculation  of  stirrups,  on  HonnO' 
bique  and  other  systems,  ^86 
in  concrete  around  reinforcements,  238, 

307,  379 
on    vertical   reinforcements,    calculation 
of,  378,  381,  386 
through  rib  of  T-beam  at  underside  of  slab^ 
304,  307 
Sheet  iron  lining  to  moulds,  204 
Sheet-metal  tubes  used  in  Bonna  pipes,  183 
Sheet  piles,  Hennebique,  66 
Shelters,  military  advantage  for,  18 
Shingle,  132 
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Shocks,  resistance  to,  17 
Siegwart  system,  105 
Sieves,  testing  :   sizes  of  wires  for,  122 
Sills  to  piles,  Williams',  115 
Silos,  circular  calculations  for,  326,  403 
Demay,  53 

Description  of,  481-499 
Monier,  88 

pressures  on  sides  and  bottoms  of,  326 
iSimplon  aqueduct,  499 

Sizes  of  reinforcements,  etc.,    Hennebique  floors. 
452 
expanded  metal,  147 
Johnson  Bars,  148 
Kahn  Bars,  69 
Melan  floors,  450 
Piles,  449 
rods    for   Monier  reservoirs    and    silos, 

179 
Thacher  Bars,  148 
wires  for  test  sieves,  122 
Wiinsch  floors,  451 
Slabs  bending  moments  on,  333 

expanded  metal  reinforcement,  297 
Moulds  for,  153 
for  pavement,  550 
Slag  cements,  120 
Sleepers,  Kimball,  558 

railway,  555 
Slipping  or  sliding  of  reinforcements,  237,  258 
Small  Bars,  advantage  of,  146,  311 
Slope  protections,  MoUer,  84 

Rabitz,  99,  554 
Soci^t^  des   Travaux   en   Ciment   de   la   Plaine- 

Saint  Denis,  36 
Soissons,  Bridge  at,  516 

Souleyre  and  Anglade  experiments  on  elasticity 
of   concrete    under    compression,    224 
Sound,  deadening  of,  19 

Southampton    cold    storage,  falsework   for,    154, 
157 
Woolston  jetty,  561 
Spacing  of  hooping  for  columns,   176,  281,  347 
Specification  requirements  for  Portland  cement, 
120 
for  reinforcing  metal,  144 
Specific  gravity  of  Portland  cement,  122 

of  quicksetting  cement,  128 
Spherical  coverings,  calculations  for,  97,  445 
Examples  of,  469,  471,  601 
reinforcement  for  at  springing,  176,  446 
Spirals  of  hooped  concrete  compression  members, 

effect  of  spacing,  281 
Spiral  reinforcements  for  columns,  176 

Calculations  for,  340,  345 
Spitzer  stress-strain  curve,  proposed  by,  for  cal- 
culation  for   pieces   under   flexure,    315 
Stability  of  reinforced  concrete,  20 
Staging  for  cantilever  quay  and  warehouse,   165 
Floor,  157 

for  moulding  in  advance,.  194 
for  warehouse  with  cantilevered  roofing,  163 
Stairs,  Chaudy  system,  38 
Coignet,  41 
Coularou  system,  49 
"  Expanded  metal,"  59 
Hennebique,  65,  66,  453,  459,  460 
Matrai,  82 
Monier,  86 
Mueller  Marx,  90 
Bansome,  454 
Spiral,  453 
Turret,  457 
Visintini,  111 


Stairway   suspended   curved,    Kansome    system, 
454 

winding,  453,  454,  456,  457 
Stanger  &  Blount's  specific  gravity  flask,  123 
Steel,  specification  requirements  for,  145 

initial  stress  on,  291-294,  312 

with  high  elastic  limit,  employment  of,  145, 
242,  257,  259,  263,  271,  617 
Stirrups,  Bousseron  et  Garric,  35 

Chaudy  system,  37 

Coignet,  40 

D^gon,  51 

Hennebique,  61 

Unit  system,  108 

De  Vallidre  system,  109 
Stirrup     for     supporting     arch     centering    from 

reinforcements,  169,  170,  171 
Stocking,  pieces  moulded  in  advance,  1 97 
Stolte  system,  108 

Stone  for  concrete,  tests  of,  132,  139 
Stone  facings,  212 

Stopping,  moulding  of  floors,  places  to  leave  ofiF,  160 
Storage  bins,  coal,  Kahn  system,  499 
Storing  pieces,  moulded  in  advance,  197 
Straight  line  formulie  for  beams,  401 
Strength  after  flres,  5 

of  concrete,  effects  of,  delay  in  using  on,  22 

of  neat  cement  and  mortars,  variation  in,  13 

of  reinforced  concrete,  16 
Stress,  initial,  on  steel,  291-294,  312 

Disregard  of  initial,  in  calculations,  314 

Resistance  to,  12 

safe,    on   concrete,  in  compression,  236,  307 

on  suspension  wires,  Matrai  s^'stem,  formuise 
for,  79 
Stress-strain  curves  assumed  by  various  authori- 
ties for  pieces  under  flexure,  314 
in  compression,  224,  246 
in  compression  for  hooped  concrete,  280. 

283,  286,  288 
used  in  calculations,  323 
in  tension,  235,  246 
Striking  of  centers,  196,   580 

Beam  boxes,    158 

Column  moulds,  154 

Floor  centering,  158,  580 
Structures  which  have  been  erected  in  reinforced 

concrete,  449 
Subways,  arched  or  cicular  of,   183 

Falsework  for,  165 
Sulphate  of  lime  in  Portland  cements  and  tests  for, 

125 
Surfaces  of  concrete  which  have  been  left  for  any 
length  of  time,  treatment  of,  188 

to  concrete,  211 

Protection  of  against  cracking,  214 
Suspension  wires,  Matrai  calculations  for,  79 
Swampy  ground,  foundations  on,  15 
System,  American  Concrete  steel,  30 

Bonna,  32 

Bordenave,  34 

Bousseron  et  Garric,  35 

Chaudy,  36 

Clinton,  38 

Coignet,  39 

Columbian  fire  proofing,  42 

Considdre,  42 

Cottan^in,  42 

Coularou,  48 

Cumming,  49 

D6gon,  50 

Demaj',  52 

De  Valliere-Simon  et  Cie,  108 
Expanded  metal,"  54 
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System,  Habrich  or  Tliomas  and  SteinhofF,  58 
Hennebique,  60 
Kahn,  69 
Klett,  72 
Koenen,  73 
Locher,  74 
Maciachini,  75 
Matrai,  78 
Melan,  83 
MoUer,  83 
Monier,  84 

Mueller  Marx  &  Co.,  88 
Pavin  de  Lafarge,  02 
Piketty,  97 
Babitz,  98 
Bansome,  99 
Roebllng,  100 
Sanders,  105 
Siegwart,  105 
Stolte,  103 
Unit,  108 
Visintini,  110 
Walser-G^rard,  ill 
WiUiams,  113 
Wiinsch,  115 

T-beams,  304,  362 

Width  of  slab  for  calculations,  362 
Talbot,  experiments  on  beams,  254,  606,  626 
method  of  calculation  for  beams,  393 
stress-strain  curves  for  pieces  subjected  to 

pressure,  317 
Tests,  1905,  remarks  on,  614 
Tanks,  circular  wine,  Pavin  de  Lafarge,  96 
Constructed  in  India,  597 
Gasometer,  109,  193,  487 
Reinforcement   of    circular,    30.     {Aho    vide 
Reservoirs. ) 
T-Irons  as  Reinforcements,  Wiiasch,  115 
Tedesco  on  adherence,  238 

Temperature,  comparative  effects  on  concrete  Mid 
iron,  218 
Effects  of  changes  in,  19 
Evenness  of,  in  buildings,  19 
Temporary  staging,  151 
Tensile  resistance  of  concrete,  222 
of  metal.  242,  307 

of    reinforced    concrete    under    flexure, 
245,  251 
Tension  calculations  for  safety  of  concrete  in,  for 
pieces  subjected  to  flexure,  354,  359,  375 
Stress  strain  curve,  235,  246 

in  pieces  under  flexure,  314-323 
Tests  on  adhesion  of  concrete  to  metal,  238 
for  acceptance,  26 
of  beams,  Williams*  system,  115 
Christophe's,  248 
Considdre's,  243,  277,  291 
Oaetano  Lanza's,  268 
Harding's,  272 
Hatt's,  252 
Howe's,  271 
Marburg's,  267 
Talbot's  1904  tests,  264 

1905  t^sts,  258 
on  compreMive  resistance  of  concrete,  226,  277 
to  destruction  for  San  Marino  Pavilion,   16 
of  effects  of  changss  in  temperature,  218 
on  elasticity  of  concrete  under  compression, 
223,  226 
under  tension,  235 
to  failure,  Austrian  commission  on  eurches,  18 
Fire,  5 
for  gypsum  in  Portland  cement    125 


Tests  of  hooped  bowstring  bridge  by  M.  Considere, 
563 
on  hooped  concrete  under  direct  compression, 

270 
Load  on  beam  at  Calais,  18 
of  Maciachini  beams,  76 
on  pieces  under  bending.  {See  tests  on  beams.) 
on  pipes  under  water  pre33ure,  582 
of    Portland  cement,   chemical    composition, 
125 

Constancy  of  volume,  124 
Fineness  of  grinding,  122 
Specific  gravity,  122 
Strength,  126 
Time  of  setting,  124 
for  quicksetting  cements,  128 
on  reinforced  concrete  under  direct  compres- 
sion, 277 
under  direct  tension,  234,  274 
for  reinforcing  metal,  144 
on  shearing  resistance  of  concrete,  222 
of  variation  in  strength  of  neat  cement  and 
mortars  due  to  mixing,  13 
Thacher  arched  bridge,  536 
Bars,  sizes  of,  148 
Bridge,  536 
Theatre  at  Lille,  481 

Seats,  '*  expanded  metal,"  58 
Theory,  molecular,  217 
Thickness  of  arches,  414 

of  pipes,  202 
Thomas  and  Steinhoff  system,  58 
Thrust  and  bending  moment,  relation  of  in  pieces 
subjected  to  direct  stress  and  bending, 
410,  428  et  seq. 
Thullie,   Professor  von,   stress    strain   curve    for 

pieces  under  flexure,  320 
Ties,  Kimballs,  558 
Tile  floor,  Kahn,  70 
Timber  used  for  moulds,  119,  161 
Timbering  for  falsework,  161 
Time  of  Eetting  Portland  cement,  124 

Quicksetting  cement,  128 
T-irons  aa  reinforcements,  Wiinsch,  115 
Toulouse,  bridge  over  Canal  du  Midi,  33 
Transport  of  materials,  186 
Transverse  reinforcements,  32 
Attachments  for,  175 
Bousseron  et  Garric,  35 
Chaudy,  37 
Coignet,  40 
Coularou,  48 
Cumming,  49 
D^gon,  50 

De  ValH^re-Simon  et  Cie,  108 
Hennebique,  61 

Hennebique,  for  large  span  arches,  182 
Kahn,  69 
Maciachini,  75 
Pavin  de  Lafarge,  92 
Piketty,  98 
Sanders,  105 
Walser-G^rard,  111 
Williams',  115 
Treatment  of  reinforcing  metal,  174 

of  surfaces  of  concrete  which  have  been  left 
for  £my  length  of  time,  188 
Triel  sewage  farm,  pipes  for,  33 
Trough  conveyors  used  for  tr£uisport  of  concrete, 

186 
Troughs  for  electric  cables,  559 
Tubes  of  sheet  metal  used  in  Bonna  pipes,  32,  179, 

204,  502 
Tunnel  d'Acheres  (Argenteuil),  Coignet,  41 
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'Tunnels,  conjstruction  of,  100 
falsework  for,  17*2 
Reinforcemente  for,  106 
Tumeaure,  experiments  on  beams,  204 
'Twisted  Bars,  Ransome,  147 

Unit  system,  108 

Vfidlidre-Simon,  falsework  for  cover  to  Montalegre 
reservoir,  162 

Gasometer  tanks,  construction  of,  103 

Reinforcements  for  Locle  reservoirs,  181 

System,  108 
Value  of  **  expanded  metal/*  as  a  reinforcement,  54 
Variation  in  strength  of  neat  cement  and  mortar 

by,  13 
Vault  lights,  Aberthaw  (Ransome),  100 

Slabs,  550 
Vereng,  Dopking  piles,  construction  of,  202 
Verticcd  moulding  of  pipes,  200 
Vibrations  undershocks,  17 
Vicat  needle  apparatus,  125 
Visintini  system,  110 
Voids  in  broken  stone  of  shingle,  130 

in  sand,  proportioning  ingredients  of  mortar 
by,  135,  136 
Volcanic  tuffs,  as  aggregates,  133 
Volume,  change  of,  in  setting,  202-204 

Wall  moulds,  bolt^  for  holding,  155 
Walls,  Chaud'       < 

Coignet, 

Cottan^iii,  45 

Coularou,  40 

D^gon,  51 

Demay,  53 

Description  of,  455,  456,  457,  400,  471,  474 

'*  Expanded  metal,"  57 

Falsework  for,  155 

Hennebique,  62 

Hollow  construction  of,  101 

Matrai,  82 

Monier,  88 

Rabitz,  00 

Ransome,  100 

Retaining,  71,  510,  560 

Roebling,  105 

Solid  construction  of,  188 

Thin  concrete  slabs  for  moulding,  156 
Falser-Gerard  bridges,  522,  525 
System,  111 


Warehouses,  description  of,  463,  476 
Weurren  tests  on  adhesion,  240 

on  beams,  321 

on  compression,  226 

stress  strain  curves  for  pieces  subject^: 
flexure,  321 
Washing  of  sand,  necessity  for,  21,  129 
Water,  amount  of,  for  mixing  concrete.  Ul 

Care  in  selection  of,  119 

Supply,  suitability  of  pipes  for,  7,  58*2 
Watertightness,  7 

Mixture  for  securing,  8,  582 

of  pipes,  Ck>ttan9in  method  of  flecnmi, 

tests  of  pipes  for,  582 
Watertown  arsenal  tests  on  oolumns,  277 
Wayss,  Footbridge  over  railway,  530 

mid  Freytag,  84 
Bridge,  533 
Grain  silos,  478,  496 

Method  of  horizontal  moulding  of  pipes, 
Weaving  of  CottAn9in  network,  reasons  for. 
Weight  of  reinforced  concrete,  324 

Advantages  and  disadvanU^oC 

per  strike  bushel,  test  for  Portland 
not  reliable,  122 
Weirs,  construction  of,  208,  544 
**  Wet  and  dry  '*    concretes,   discussion  on, 
Width  of  beams,  353 

of  T-beams,  305,  362 
Williams'  piles,  construction  of,  201 

System,  113 
Wilton  Dam,  545 
Wind  pressure,  336 
Winding  stairs,  86,  453 
Wine  tanlvS,  Pavin  de  Lafarge,  06 
Wires,  Matrai,  formulas  for  stress  on,  70 

Size  of  for  test  sieves,  122 

Works  constructed  by  M.  Bonna,  33 

by  Matrai,  82 

Military,  advantages  for,  18 
Workshops  for  MM.   Sautler  and  Harie  ( 

System),  33 
Worms,  marine  resistance  to,  11 
Woven  network,  Cottan^in,  method  of  making, 
Wiinsch  floors,  example  of,  451 

System,  115 

Ybbs  bridge  (Austria),  541 
Zinc  lining  to  moulds,  152,  214 
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